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FOREWORD

The ULS. Bavironmental Protection Agency (EPA) 15 charged by Congress with proteeting the
Nation's land, air, and water resources, Under a mandate of national environmental laws, EPA
strives to Formulate and baplement actions leading to a compatible balanee between human
activities and the ability of natural systems to nurture life, To meet this mandate, EPA’s research
program is providing data and lechnical support for solving environmental problems today and
building a scicnce knowledge base necessary to manage our ecological resources wisely,
understand how pollutants affect our health, and prevent or reduce environmental risks m the

future.

The National Risk Management Research Laboratory (Laboratory) is the Agency's center for
investigation of technological and manapement approaches for reducing risks from threats {o
human health and the environment. The focus of the Laboratory’s research program is on
methods for prevention and control of pollution fo air, land, water, and subsurface resources,
protection of water quality in public water systems; remediation of contaminated sites and
groundwater; and prevention and control of indoor air pollution. ‘The goal of this research effort
is to catalyze development and implemnentation of innovative, cost-effective environmental
technologies; develop scientific and engineering information needed by EPA 1o support
regulatory and policy decisions; and provide technical support and information transler o ensure

effective implementation of environmental regulations and strategies.
This publication has been produced as part of the Laboratory’s strategic long-term research plan.
It is published and made avatlable by EPA’s Office of Research and Development o assist the

user commrunity and to link researchers with their clients,

Lee Mulkey, Acting, Director

National Risk Management Research Laboratory
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ABSTRACT

This report presents performeance and economic data for 1 LLS. Environmental Protection Agency (EPA)

Superfund Innovative Technology Evaluation (SITE) Program demonstration of the Minergy Corporation

{Minergy} Glass Furnace Technology (GET). The demonstration evaluated the lechnology’s ability to

reduce polychiorinated biphenyl (PCB)Y and metal concentrations in river sediment,

GFT was developed by Minergy to remove PPCBs, other organics, and metals from river sediment. The
GiFT consists of a dryer, a melter, and an air pollution control system. Afler drying to about Hpercent
maoisture, the dried sediment is mixed with a fux material o control melting temperatures and improve
the physical properties of the glass aggregate product, and introdoced into the melter, The sediment is
heated in the melier to a Wmpsrature of about 1,600 degrees Colsiug (°C), at which temperature the
sediment 15 molten. At these high temperatures, PCBs and organic contaminants are destroyed or
removed, and metals are encapstlated within the glass matesx. The mobkten sediment exits the melter into
a water-gquench bath, where it quickly hardens and shatters to form plass aggrepate that, Minergy

matntaing, bas reuse value.

Laboratory tests of sediment samples collected during a pilot dredging project on the Lower Fox River,
Wisconsgin, indicated that the sediment was saitable for melting using the GFT. A demonstration of an
indirect-disk or paddle dryer, the intended type of dryer for a full-scale implementation of the GEFY, was
conducted by Hazen Research, Inc., at its facility in Golden, Colorado i Japuary 2001, A pilot-scale
melter was designed apd built at Minergy's feility i Winneconne, Wisconsin, where the GFT

demonstration treated a total of about 27,000 pounds of dried sediment in the Summer of 2001,

The primary objective for the GFT technology demonstration was to evaluate the treatment efficiency of
PCRB destruction or removal by the GFT process during the demonstration period. Results of the
demonstration indicate that Minergy’s GFT removed 99.9995 percent of the PCB contamination in the

sediment,

This technology 1s potentially applicable st hazardous waste sues where river sediment kas been impacted
by PCBs, other orgames, and melals. Economic data indicate that remediation costs of using GFT are
affected by site-specific factors, such as local land prices and site suitability. The cost for treatment using
a full-scale treatment facility, constructed at a location in proximity fo sediment removal activities, was
calculated to be $38.74 per ton of dredged-and-dewatered sediment (containing about 30 percent
moisture). Treatment costs, which are aflected by the amount of moisture in the sediment and potential
end use of the glass aparegate, are based on operating a melter on an average of 600 tons of sediment per

day over a 13-year project life.
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EXECUTIVE SUMMARY

The Cilass Furnace Technology (GFT) treatment process was developed by Minergy Corporation
(Minergy) as an ex vitu remediation technology to treat river sediment contaminated with polychlorinated
biphenyls (PCBs), other organic compounds, and metals. An evaluation of the technology was conducted
by the 1.8, Eavironmenial Protestion Agency (EPAY Superfund Innovative Technology Bvaluation
(SITE) Program. The demonstration of the GFT, which congisted of a drying process and a melting
process, was completed at the Hazen Research, Inc. (Hazen) facility in Golden, Colorado, and Minergy’s

GilassPack Test Center facility in Winneconne, Wisconsin,

According to the vendor, Minergy, the GFT process was designed to treat contaminated river sediment

and is intended for use at any location where dredging and remediation of sediment is prescribed.

Although site-specific background data are not relevant to the SITE demonstration, the technology

evaluation was conducted on river sediment dredged from the Lower Fox River in Green Bay, Wisconsin.

The purpose of this Innovative Technology Evaluation Repart is to present information that will assist
Superfund decision-makers in cvaluating the GFT for applicabion to hazardous waste site cleanups
associated with contaminated river sediment. This executive summary describes the GEFT, provides an
averview of the SUTT evaluation of the technolowy, discusses evaluation eriteris for the GFT, and

summarizes SITE evaluation vesults,
CGilass Furnace Technology

The G

T process was developed and configured for this SITE demaonstration by Minergy  The
demonstration process consisted of two basic steps: sediment drying and dried-sediment vitrification.
According to the vendor, a full-scale GFT project will imtegrate drying and melting operations in a single
facility. Both provesses were evatuated independently for the SITE demonstration. The dryer evaluation
was conducted in Golden, Colorade in Jarmuary 2001, and the melter evaluation was completed in

Winneconne, Wisconsin i August 2001,

The GFT process was designed as an allernative treatment to landfilling for river sediment impacted by
PCBs, other organics, and metals. Dewatered sediment 15 dried, flux is added to control melting

temperatures and aiprove the physical properties of the plass aggregate product, and then the sediment
and flux mixture melted al a temperature of about 1,600 degrees Celsius (°C) (2,900 degrees Fahrenheit

[FF1), retaoving or destroying PCBs and organic contaminants, and encapsulating metals. The treated
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product consists of black glass aggregate with particles the size of coarse sand, Minergy clanns the glass

aggrogale meets state regulatory criteria for beneficial rease.

For clarification, this document refers to the indirect heat dise or paddle dryer as the dreyer and the

pilot-scale melter portion of the GFT as the melter.
Overview of the GET Technology SUTE Demonstration

River sediment from a pilot dredging project conducted on the Lower Fox River in Green Bay,
Wisconsin, was used 1o demonsteate the GFT. Sediment was delivered 1o the deyer i dewatered form (435
10 35 percent solids by weight). The purpose of the dryer demonstration was to reduce moisture in the

sediment from 30 percent to about 10 percent morsture,

According to Minenzy , aller researching avaitable sediment drying technologies, 1t was detenmined that,
becanse of its low volume of sweep air and low potential for generating dust, a indirect heat disc or
paddle dryer untl was the most appropriate drying technology for the GET treatmen! process, Because
this type of large-scale dryers were not available for rent and the purchase of an appropriately sized unit
was too costly for the demonstration, Minergy chose a bench-scale Holoflite® dryer, located at the Hazen
facility in Golden, Coloradoe to be used to dry a small amount of the sediment under very similar
vondifions o those 1o g fargesscate dryer unit, Tor the meler 1o operate st optimal efficieney, the deied
sediment must contain no more than 10 percent moisture. Sediment entering and exiting the dryer, air
emitted from the dryer, and condensed water from the dried sediment were sampled ag part the 51TH
evaluation of the technology, Data from the dryer evaluation were madequate 10 use m the overall
teelnology evaluation hecavse sediment dost was drawn inro the dryer vent, the condensate callection
vessel, and air sampling eguipment, and the PCB congeners analyzed woere nol the same as those analyzed

Hi1 the sediment.

The bulk of the sediment was dried in a drum oven at Minergy's facility in Winneconne, Wisconsin. To
permit the caleulation of the overall efficiency of the GFT, samples were collected from the sediment
before and after drying in the drum oven. The melting phase of the process was evaluated using a
pilot-scale melter (melter) specifically designed for this 3ITE evaluation, The sediment, flux, glass
aggregate, and waste streams were analyzed for predetermined contaminanis of concern (COCs) before
and after processing through the plass furnace. COCs included PCBHs; dioxing and furans; metats,
including mercary; and semivolatile organic compounds. The melter evahuation began in June 200H, but

was halted after three days when molten sediment corroded a hole in the refractory brick. the

Es-2



demonstration was stopped before evaluation sampling was completed. Repairs were made to the melter,

and the demonstration was rerun in Aggust withowt incident.

The SITE demonstration for the GFT was designed with two primary and three secondary objectives to

provide potential users of the technology with the information necessary to assess the applicability of the

GET for other sirmilarly contaminated sites.

The primary objectives (P) of the technology demonstration were as follows:

P

P2

Determine the freatment elficiency (FE) of PCBs in dredged-and-dewatered river
sedimnent when processed in the Minergy GFT.

Determine whether the GIFT glass aggregate product mecets the criteria for
beneficial reuse under relevant federal and state regulations. The agprepate
product will be judged to be benelicial with respect to each motal or PCR if the 25
percentile upper cenfidence limit (UCL,) for the estimated mean (of each metal or
PCRB)Y is less than the federsl or state regulatory vequirements, as applicable.

The secondary objectives (8) ol the technology demonstration were as follows:

s1

52
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Determine the unit cost of operating the GFT on dredged-and-dewatered river
sediment.

Ouantify the organic and inorganic contaminant fosses resulting from the existing
or alternative drying process used for the dredged-and-dewatered river sediment.

Characterize organic and inorganic constituents in all GFT process input and
output sfreams.

SITE Demonstration Results

Key findings of the GFT

are listed below:

Analytical data indicate that the GFY was able to significantly reduce PCI contarnination
in all samples collected, Overall, the GPT successfully removed or destroyed 99.9995
percent of the PCRg in the river sediment, measured as total PCBs,

The GIFT appeared 1o be capable of decreasing mercury concentrations in the river
sediment, Mercury was observed in sediment at a concentration shghtly less than 1 part
per miflion (ppm), and it was not detected in the glass aggregate analysis. I not removed
by the fumnace thermally, the mercury likely was inactivated within the glass matrix.
Merciry did not leach from the plass aggregate, as evidenced by the results of the
American Society of Testing and Materials (ASTM) and Synthetic Precipitate Leaching
Procedure (SPLP) water leach tests,
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The GFT reduced the concentration of dioxing and furans in dried sediment. Total dioxin
and furan concentrations in the elass aggresate ranged from 5.8 % 10910 3.8 % 10 parts
per million (ppm), & reduction of greater than 99,9995 perecnt.

The GFT produced glass aggrepate that met Wisconsin Admimstrative Code Chapter NR
538 Category 2 criteria and gualified for beneficial reuse under the regulation. This
qualification atlows a wide range of uses, including as an additive to concrete, a material
in floor tiles, and as construction il

Minergy demonstrated the dryer and melter technolojies separately. Data collected
during the Holoflite® dryer test were not used to determine the TE because of the
sediment carry-over into all waste streams and the incompatibihity of the PCB congener
lists analyzed for the dryer and melter evaluations. The TE was caleulated using data
obtained from sampling dredged-and-dewatered sediment from roll-off boxes and dried
seciment fromm the drsm dryer,

Samples of the glass aggregate were crushed and subjected to ASTM and SPLP leaching
anabyses, The results of the leaching lests indicated no detections of contaninants of
concern it feachates for either method.

The air sarmple probe and the flue of the pilot-scale furnace were occasionally clogged by
dust during the furnace operation. Removal of the accumulated dust interrupted air
sample collection frequently during the dernonstration. Analysis of the dust material
mdicated the pregence of metals such ag tead and chromium. Pioxing and furans were
detected in very small concentrations (1.0 x 107 ppm) in those dust samples.

Post-earhon freatment air samples show a redietion in POR congeners and PCOIYPODE
concentrations detected 1n the melter Nue gas samples.

Rased on tnformation from Minergy and observations made during the SITE evaluation,
the estimated treatment cost is $38.74 per ton of dredged-and-dewatered sediment
containing 50 percent moisture. Unit costs are based on a 15-year project Hle expectancy
and may depend on the location of the treatment facility, amount of moisture in the
sediment, and potential end use of the product.



LU INTROBUCTION

The LLS. Environmental Protection Agency (EPA), under the Superfund Innovative Technology
Evaluation (SFFH) Program, evatuated the ability of the Glass Turnace Technology (GFT), developed by
Minergy Corporation (Minergy) of Waukesha, Wisconsin to treat sediment containing polychlorinated
biphenyls (PCTs) and metals. This introductory seotion provides backgronnd information about the SITE
Program, discusses the purpose of this Innovative Technology Evaluation Report (FTER), and describes
the proposed technology, This ITER describes additional information about the SITE Program, the GFT,
the SITE demonsteation, and Minergy’s claims about the technology. The SITE evaluation of the GFT
involved testing of twa phases, s drying phase and s melting phase. The majority of activities undertaken
for this evaluation involved the melting phase of Minergy's technology. Key individuaks for this project

are listed at the end of this section.
1.1 THE SUPERFUND INNOVATIVE TECHNOLOGY EVALUATION PROGRAM

The pritnary purpose of the SITE Program is to advance development and implementation and 10
cstablish the conumercial availability of innovative treatment technologies applicable to Superfund and
other hazardous waste sites. The SITE Program was established by the EPA Office of Solid Waste and
Emergency Response {OSWER) and the Office of Research and Development (ORD) in response to the
[986 Superfund Amendments and Reauthorization Act (SARA), which recognized the need for an
alternative or innovative treatment technology research and demonstration program. The SITE Program
is administered by the QORD National Risk Management Research Laboratory in the Land Remediation
and Pollution Control Division, headquartered in Cineinnati, Olio, The overall goal of the SITE Program
is to implement procedures of research, evaluation, testing, development, and demonstration of alternative
or innovative treatment technologies that can be used in response actions to achieve protection of hiuuman
health and welfare and the environment. Under the SITE Program, an innovative technology's

performance in treating an individual waste at a particular siie 15 evaluated.

The SITE Program consists of four component programs: (1) the Demonstration Program, (2) the
Emering Technrology Progeam, (3) the Monitoring and Measurement Technologies Program, and (4) the
Technology Transfer Program. An innovative treatment technology can be evaluated under one of these
programs. This ITER for the GFT was prepared under SITEs Demonstration Program, The objective of
the Demonstration Program is to provide reliable performance and cost data on mnovative technologies so

that potential users can assess a given technology's suitability for specific site cleamups, To produce



usetid and reliable data, demonstrations are conducted at hazardous waste sites or under conditions that

clogely simmulate actual waste-site conditions,

Technologies are selected for the STTE Demonstration Program through EPA’s annual requests for
proposals, ORD staff review the proposals to determine which technotogies show the most promise for
wse at Superfund sites, Technologies chosen must (1) be at the pilot or ull-seale stage, (2) be innovative,

and (3) have some advantage over existing technologies, Mobile or transportable technologies are of

particutar interest, Jmplementation of the SITE Program is an ongoing effort involving EPA’s ORD,
OSWER, various EPA regions, and private business concerns, including technology developers and

parties responsible for site ramediation,

KA and the innovative echnology developer establish responsibilities for conducting demonstrations
and evaluating the technology. The developer is typicatly responsible for demonstrating the technology
at the zelected site and is expected to pay any costs for the transport, operation, and removal of related
equipment. FPA is typically responsible for evaluating the performance of the technology during the
demonstration, This responsibility mcludes project planning, site preparation, weehinical assistance
support, sampling and analysis, quality assurance (QA) and quality control (QC), report preparation,

information dissemination, and fransport and disposal of treated waste materials,

At the conclusion of the demonstration, EPA typically prepares a Demonstration Bulletin (2-page
summary }, a Technodogy Capsule (J0- to 12-page swmmary), an ITER, and o Technology Evaluation
Report (TER). These reports provide an evaluation of all available information on the technology and
analyze its overall applicability to other site characteristics, waste (ypes, and waste matrices. Tesiing
procedures, performance and cost data, and QA/QC slandards also are presented. A Demonstration
RBulletin for Minergy's GFT was published in August 2002, The I'TER is discussed in detail in the
following sections, and the TER provides relevant information on the technology, emphasizes key resulis

of the demonstration, angd includes detailed analytical results,



1.2 INNOVATIVE TECHNOLOGY EVALUATHON REFORT

The ITER 13 miended for use by EPA remedial project managers, EPA on-scene coordimators, contractors,
and other decision-makers, who are implementing specific remedial actions. The I'TER provides details
about the technology, 8ITE gvaluation procedures and Oadings, and unit cost information o aid
evaluating the teehnology. In particular, the report includes inforoation on cost and site-specific
characteristics, and it discusses advaniages, disadvantages, and himitations of the technology.

Fach SITE demonstration cvaluales the performance of a technology in treating a contaminated material
or media. Suceesstul field demonstration of a technology at one site does not necessarily ensure that i
will be applicable at other sites, Dhata from feld demonstrations may require extrapolation for estimating
the operating ranges in which the technology will perform satisfactorily. Only limited conclusions can be
drawn [rom a single field demonstration, Fhis ITER provides mfonmation of the GFT developed by

Minergy and includes a comprehensive description of the demonstration and its resulis,

PROJECT DESCRIPTION

The GFT process is designed to treat PCB- and mercary-contaminated sediment. The GFT project is
funded by a cooperative agreement among between Minergy, Wisconsin Departinent of Natural
Resources (WIDINR), and FPA's Great Lakes National Program Office (GLNPOY. Because the GF is not

designed to be used on any one particular site, detaled infommation regarding site location, geology, and

hydrology is not necessary for the understanding of this demonstration project.

The GFT was developed by Minergy of Waukesha, Wisconsin, Minergy originally developed
vitrification lechnologies to process wastewater sludge into glass aggregate that, Minergy contends, could
be sold as a commercial product. Minergy moditied a standard glass furnace to treat river sedument
containing PCBs and metals, and the STTE Program cvaluated the resultant technolopy's ability to treat

sediment eontaining PCBs and mercury.

With WDNR oversight and funding from a coalition of six paper companies with ties (o the Lower Fox
River, called Fox River Group, the sediment used i this evaluation was obtamed from the Tower Fox
River during the 1999 Sediment Management Unit (SMU) 56/57 pilot dredging project. This project
included hydravhe dredging, onshore dewatenng, Alter pressing, and treatment with lire, The PCR-
containing sediment dredged during the project was transported to, and disposed of in, a landfill in Green

Bay; Wisconsin, However, approximately 70 tons ol sedument was segregated w four roll-off boxes and



stored at the Brown County Landfill for use n the Minergy GFT demonstration. The stockpiled,

filtsr-pressed sediment was characterized as containing approximately 50 percent soluds,

The Lower Fox River sediment has been subjected to various studies over the fast 15 years. Sediment in
the vicinity of SMUI 56/57 consists of 60 to 80 percent silt, with lesser amounts {0 1o 40 percent each) of
sand and ¢lay, POR concentrations ag high as 710 pavts per million (ppm) have been detected in samples
colleeted from SMU 56/37. However, analytical results for sediment stockpiles prier to, and immediately
following, sediment acquisition for the GFT evalovation indicated PCB coneentrations of less than 50 ppm

and merenry concentrations of about § ppm.

Minergy required that the sediment contain no more than 10 percent moisture for the melter to operate at
optimal efficiency. Minergy researched available sediment drying technologies and determined that a
indirect heat dise or paddle dryer wnit was the most appropriate drying technology for the GFT treatment
process. Because no large-scale dryers of this type were available for use, a suitable, beneh-seale
Heloflite® dryer, located at the Hazen faeility in Golden, Colorado, was used to dry a representative
amount of sediment under imilar conditions to those in a large-scale dryer unit, The dryer unit was

configured to allow sample collection of all waste and process streams, including off-gases.

The SITE evaluation of the GF] focused on the melting phase where contaminant reduction would oceur,
The melting phase of the process was ovaluated at a pilot-scale melter that was specifically designed for
the SITE evaluaton at Minergy’s facility in Winneconne, Wisconsin, The sediment, glass aggrepate, and
waste streams were analyzed for comaminants ol concern (COCS) before and after (1) treatment in the
bench-test sediment dever, and (2) processing through the melter, COCs included PCBs; dioxins and
furans; metals, including mercury; and SVOCs. Metals were characterized by analysis for the eight
Regource Conservation and Recovery Act (RURA) Toxaeity Charaetenistic metals, which inchide

ITETCUTY,
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The following sections provide a general description of the GFT, as well as Minergy’s melter and its

specific confipuration.



14.1 Geperal Description of the Glass Furnace Techrology

The information in the following 3 paragraphs has been paraphrased from Minergy's Final
Report on Sedimens Melter Demonsteation Project for WDNR, submitted in December 2001

(Minergy 2001).

Crlass furnaces have been used for decades m mdustoal giass manufacturing, The process design of a
glass furnace is focused on meliing low-energy feedstock: that is, materials with low energy content, as
measured in kilojoules (ki) Feedstock, consisting primanly of silica sand, melts in the furnace, and the
molten product is cooled to form glass. Silics i one of the primary constituents of river sediment and, in
this case, the GEFT vitrifies the river sediment, with the expectation of destroying COCs and creating a
useable agpregate as a final product. Minergy claims that other thermal destruction processes are too
costly to be appropriate for use on river sediment, because the sediment has lhmited fuel value, Many
other processes rely on the significant organic content {fuel content} of the feed material, but because
limited energy is contained in sediment, large quantities of auxthiary fuel or electric power are needed,
Minergy and WIDNR bhave successfully completed two phases of a multiphase feasibility study (FS) to
evaluate GFT as a remediation alternative. The first phase (Phase ) mvolved characterizing the mineral
compogition of river sediment to estimate glass guality, durability, and melting points. Data gathered
during Phase Findicated that charactenistics ol river sediment are consistent throughout the piver and are
favorable tor producing a quality glass product. Based on mineral composition, combustibility, moisture
content, and costs 10 operate, Minergy claims that analysis of the sediment indicates vitrification

technology 18 more appropriate than incineration for treatment of river sediment.

in Phase H, sediment from the Lower Fox River was test-melted in a crucible to determine grlass
characleristics and qualities of the vitrified sediment, both alone and when augmented with other
materials {flux mixtures) to control melting temperatures and improve the physical properties of the glass
aggregate produet, Four different test “recipes” were included in the crucible melts, and the sediment was
successiully melted into glass in all four tests, Data obtained during Phase H were used to develop (1) o
proposed Yrecipe” for melting viver sediment into glass apgregate, and (2) preliminary enginecring
designs for the pilot-scale facility proposed lor Phase IIL The preliminary engineering analysis mdicated
that it was not practical or cost-elficient to use an existing glass furnace for GFT testing, This analysis
indicated that it would cost ag much to retrofit an existing facility to specifications needed to melt the

sediment as 1t would 1o build a pilot plass fumace to the same specifications. Project stakeholders also



discovered that most existing glass manufacturing facilities are too large to accommaodate a limited

duration st

Results of the FS indicated that capital and operating costs of the GFT provide for an economicatly viable

option for treating contaminated river sediment,

1.4.2 Minergy Corporation’s (Glass Furnace Technology

Minergy's intent with the GFT process was to treat dewatered sediment from the dredging site. The GFT

process Tor the demonstration is shown in the diagram in Figure 1-1,

Sediment would be delivered in dewatered form, in the range of 45 to 55 percent solids (by weight). The
first step of the process involves drying the sediment to about 10 percent moisture. Drying the sediment
increases the overall efficiency of the process by imiting the amount of mosture in the melter, thereby
reducing the physical volume of the feed and maintaining high processing temperatures. Several
technologies were available for thermal drying. Ideally, pases from the drying step would be direcied into

the glass furnace or into another destruction device to control COC emissions.

In the planned GFT process, sediment passes from the drying system into the glass furnace. The glass
furnace is a refractory-lined, rectangular melter, The refractory 1s a special type of brick that is resistant
to chemical and physical abrasion, has a high melting point, and provides a high degree of insulating
value to the process. The furnace, configured with oxygen and natural gas delivery systems with control
and safety devices, attains internal temperatures of about £,600 °C {2,900 “F). At this temperature,

sediment melts and flows out of the furnace as molten glass.

The molten material is then quickly cooled in a water-quench system to form the glass agpregate product,
Minergy claims that the glass aggregate can be stored and handled similarly 10 conventional quarried
agpregates. Some off-gite crushing and sereening would be required to meet particle size specifications of

certain aggregate markets,
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Minerpy expects that the high-temperature environment in the melter will completely destroy any organic
compounds thar may be present. In addition, trace metals in the sediment are expected o be stabilized in
the glass aggregate product and are anticipated (o be biologically and chemically inert. Minergy claims
that offegas treatment is simplified and energy efficiency is improved by the melter’s use of purified
oxygen, rather than atmospheric air, as the oxygen source. Minergy has made modifications to a standard

glass furnace design, which have been incorporated to best suit this application, including the following:

. The height of the funace was inereased {rom typical designs to provide additional
volume tor destraction of organic vapors. The additional height increases the residence
time that organic contaminants spend within the furnace.

' Use of a water quench system to quickly harden the molten glass and increase the inert
characteristics of the final product. Cilass melters typically use annealing or other slow-
cooling processes 10 enhance glass clarity and other product qualities. These product
qualities are not applicable to the manufactore of glass aggregate because of its intended
firal use as a construction product.

. Ese of a “shallow” glass pool inside the melter, (lass melters typically have deeper
pools of glasy inside the melier, taking advantage of the low opacity of the glass bang
produced, Molten sediment 15 quite opague, thereby reducing energy transfer by

radiation.

. Use of refractory brick selected o resist corrosive and abrasive qualities of molten
gedunent.

' Use of flux materials selecied 1o enhance properties of molten sediment matenial,

Minergy hopes to construct GFT troatment facilities in locations where sediment removal is chosen as a

remaedial approach, and to treat contaminated sediment as an alternative method to land g,

1.4.3 Site-specific Dryer Configuration

A drver, determined by Minetgy to be of suitable configuration, was located at the Hazen facility in

i

Golden, Colorado. The Holoflite™ dryer was a small, bench-scale unit with the capacity to process 14
pounds per hour (Ib/hr) (6.4 kilograms per hour {kg/hr]) of dredged-and-dewatered (45 to 55 percent
moisture) sediment. To produce an adequate feed material for miroduction into the dryer, portions of the
sediment were dricd and mixed with dredged-and-dewatered sediment to reduce the stickiness of the
material. Mixing dredged-and-dewatered sediment with drned sediment s a standard materialg-handling

practice that creates better Dow charactenstics,



The dryer itself consisted of a small metal box about 76 centimeters (30 inches) fong that contained two
bollow, oil-Nad aupers that tuied slowly, The il i the augers was heated (o about 180 °C (300 °F),
and the heat of the augers drove moisture from the sediment. The tuming of the augers moved the
sediment through the dryer to the end, where it fell into a flask. Water in the form of steam escaped {rom
the dryer through a manifold i the top and was condensed and collected. The dryer reduced the mosture
content of the sediment to tess than {0 percent. Figure 1-2 shows the dryer used for the technology

demaonstration.
1.4.4 Site-specifie Furnace Configuration

The pilot-scale glass furnace, or melter, was designed to simulate a full-scale production anit for
generation of glass ageregate from sediment. To produce an adequate simulation, some assimplions were
made regarding the full-scale melter, based on typical glass-manufacturing practices. Melter

characteristics are presented in Table 1-1,

Figure 1-2 shows the melter ag constructed for the demonstration. The pilot-scale melter area was 0.9
square meters (10 square feet), with a 2:1 aspect ratio, meaning that it was twice as long as it was wide,
The melier was fired with oxygen and patural gas 10 use the best available control technology for
nitrogen-related emissions and particulate matter.  The melter had eight split-stream, oxygen-fuel (oxy-
fuel) burners to approximate the eight burners used i a full-scale melter. The charger was a standard
serew feeder vsed universatly in glass fumaces. The screw feeder was chosen for its ability to tightly seal
the hopper to the charper and the charper to the furnace, Tight seals minimized dust formation during
introduction of the dried sediment o the mekter, The charger was sinutlar in size to those used in a full-

scale unit, but was retrofit with & smail screw barrel and flights for the pitot-scale melter.

The height of the glass processing area was slightly increased to provide additional volume for
destruction of organic vapors, The {lue was located in the front of the melter, which 15 not the traditional
lecation for oxy-fuel furmaces. However, this configuration allowed any fine particulate matter that

became enirained
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TABLE 1-1
PHOT-SCALE MELTER CHARACTERISTICS
{supphied by Minergy)

Parameter

Measurement

Aspect Ratio (Length/Width)

24

Area 0.9 square meters (10 square feed)
(.49 square meters per ton
Melting Rate (5.4 square feet per ton)

Dwell Tine

6 hours

Gas Usage

1.8 MM kj per hour
{1.7 MM Btu per hour)

Oxygen Usage

{1 cubic meters per hour
(35 cubic feet per howr)

MM Btu/ton

22 MM Rj per ton
(21 MM Btu per ton)

Chulput

2.0 tons per day

Notes:
ki = Kilojoule

MM = Million Million

1O

Btu = British thermal umt




LTER CONFIGURATION

Yigure 12 MI

11



in the exhaust gases to have the maximum residence time in the furnace, allowing these particulates to be

melted or minimized.

‘The glass flowed under a skimmer block into a scction of the glass furnace, called the forehearth. The
forehearth was constructed in a conventional manner, with the glass outlet {lowing to the water quench

system Thiz method s used in other aggregate-makimg operations.

The pilot-scale meler was regulated by process controls. The controls used thermocouple signals to
maintain a constant temperatire and automatically adjust the gas and oxygen for each zone. (as and
oxyveen delivered to the erght spiit-stream burners had several safety systems. The furnace 15 configured
with axygen and natural gas delivery gystems with control and safety devices. If either natural gas or
axvgen flow was lost, the system shat down that source. Each zone within the firnace was attomatically

15 flow meter to a process control loop back to

repulated for gas and oxygen flows by a signal from the m

an automatic valve.

Refractory brick was selected by Minergy for the pilot-scale melter based on an evaluation of the abrasive
qualities of the molten sediment and an analysis of thermal requirements. The analyses were conducted
to ensure that the materials would pot be used in temperatures beyond their specifications and to
determine the total heat loss of the entire system.

1.5 KEY CONTACTS

Additional information on the GFT and the SITE Program can be obfatned from the ollowmg sources:

. EPA SITE . Me. Terry Carroll and Mr. Tom Baudhuin
Ms, Marta K. Richards Minergy Comporation
EPA SITE Project Manager 1312 8. Commercial Street, P.O. Box 373

Neenah, Wisconsin 54957
Phone: 920/727-1411

Mational Risk Management Research Laboratory
LS, Environmenial Protection Agency

26 West Martin Luther King Drive Fax: 920/727-1 4 I8
Cincinnati, OH 4526% Email: tcarrolld@minergv.com
(513) 569-7692 Fmail: tbaudhuin@minergy.com

Fax; (513 369-7676
Fomail: richards. martaf@epa pov




Information on the SITE Program is available through the following on-line information clearinghouses:

. EPA’s Reach It, developed by the Technology Innovations Office
http:/fwww . epareachit.org
REACH - 1T combines information from three databases: Vendor Information System for
Innovative Treatment Technologies, Vendor Facts, and Innovative Treatment
Technologies

. CLU-IN
et /fwww, clu-in.org

CLU-IN provides information about innovative treatment and site-characierization
technologies, while acting as a forum for all waste remediation stakeholders
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20 TECHNOLOGY APPLICATIONS ANALYSIS

This section assesses the general apphicability of GFT to remediate PCB- and metal-contaminated
sediment from Superfund and other harardous waste sites. This assesament is based on results from the

demonstration of the technology under the FPA SITE Program,
21 FEASIBILITY 8TUDY EVALUATION CRITERIA

This subsection assesses the GFT relative to the nine evalualion criteria used to conduet detaiied analyses
of remedial alternatives in Feasibility Studies (F58) performed under the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCEA). This assessment of S eriteria assumes that the
contarninated sediment will be transported to a fixed treatment faciity and delivered in a dewatered state,
Applicable or relevant and appropriate requirements (ARARS) regarding transporiation, dewatering, and

handling of pre-treatment waste are not considered to be part of this evaluation.
2.1.1 Overall Protection of Human Health and the Environment

This section addresses whether a technology provides adequate protection and describes how risks posed
by each pathway are eliminated, reduced, or controlled through treatment, engimeering controls, or

mstitutional controls.

Minergy claims that the GFT provides both short- and long-term protection (o human health and the
environment by binding hazardous iporganic constituents imto a noncrystalline, plass-like product. A risk
evaluation 1o assess potential impact to human health and the environment was not performed as part of

the 8ITE process,

In a full-scale operation, potential accidental releases during treatment could temporarily affect air guality
in the vicinity of the treatment facility. Short-term exposure to workers may also occur during various

materials-handling rasks.



2.1.2 Compliznce with Applicable or Relevant and Approprixte Requirements

This criterion addresses whether a remedy wilt meet all of the ARARs of federal and state environmental
statutes, General and specific ARARs identificd for the GFT are presented in Scction 2.2. Complisnce
with chemical-, focation-, and action-specitic ARARs should be determined on a site-specific basis.
Compliance with chemical-specific ARARs depends on the chemival constituents of the waste and the

Treatment Bfficiency (TE) of the glass meler system.

113 Short-term Effectiveness

Yhort-term effectiveness addresses the period of ime needed to achieve protection of human health and
the environment, as well as any adverse impacts that may be posed during the treatment penod until

clean-up poals are achieved.

Melting is a proven treatment techrology for hazardous wastes contaminated with PCBs and inorganic
constituents. Sediment melting transforms the physical state of contaminated sediment from assorted
granular matrices Lo a glassy solid state. The Minergy process transforms sediment into a glass aggregate
with minimal PCB and organic contarminants, and inorganic contaminants are incorporated into the glass
matrix making them resistant to leaching. Exposure to contaminants during freatment should be mmimal

because of the design of the full-scale GFT, which includes sutomated handling and dust collection.

2.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment

The anticipated performance of this treatment technology’s potential for use at a Superfund site was
assessed with respect 1o its ability to reduce the toxicity, mobility, or volume of waste. The GFT reduces
the toxicity of the dredged-and-dewatered sediment by destroying organic contaminants and incorporating
hazardous, inorganic constituents into a glass matriy, resistant to leaching. Test data from the Minergy
SITE demonstration indicated that mercary and PCB concentrations in dredged sediment could be
reduced to below laboratory detection in the final aggrogate product. An almost three-fold volume

reduction of sediment to glass aggrepate was observed during the SITE demonstration,
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215 Long-term Effectiveness

Long-term effectiveness refers to the ability of a technology to maintain reliable p rotection of human
health and the environment over time, Based on Synthetic Precipitate Leaching Procedure (SPLP) and
American Society of Testing and Materials (ASTM) water leach analyses performed on glass agpregate
during the technology demonstation, it appears that any PCDs and metals present in the aggrogate are
resistant fo leaching by aqueous solvents, rendering them biologically unavatlable. Water leaching tests
simulate natural weathering and can indicate whother the material will be resistant to leaching

contamminants to groundwater,

POBs and other organic contaminants present in the sediment are treated in the furnace atmosphere. tn
the GFT, metals ate incorporated into the glass structure, thereby rendering metals resistant to feaching,
based on the results of the leaching-test analyses. Crushed aggregate subjected to leaching analysis also

indicated no contaminants will leach from the glass material over time.

2.1.6 fmplementahility

To consider the technical and administrative feasibility of 2 technology, including the availability of
materials and services needed to implement a particular option, implementability of the technology is
congidered. GFT previously has been used to treat shidge from paper mills, power plants, and municipal
wastewater processors. Only minor modifications to the handling systems and air pollution control
system are required to use a similar system for treatinent of PCB-contaminated sediments.

2.1.7 Cosis

Estimated capital and operation and maintenance costs, as well as net present worth costs were considered

for the SITE ¢vatuation. For large-scale projects the GFT appears to be a cost-effective treatment
alternative to landfilling, Section 3.0 of the report provides a detailed discussion of cost for this

apphication.

1]



218 State Acceptance

This criterion addresses technical or administrative issues and concerns that the support agency may have
regarding the technoiogy. This SITE demonstration project was perforined covperatively among EPA-

ORI, WDNR, and EPA-GLNPO,

2.1.9 Community Acceptance

The SITE evaluation needs to address any issues or concerns the public may have regarding the GFT.
Public acceptance of this technology shoubd be positive for two reasons: (1) the technology presents
minimal short- or long-term risks to the community, and (2) the material is permanently treated and not

just rejocated from one area (contaminated site) to another (fandfitl).

Contaminated sediment 15 a relatively common problem throughout the United States, with sediment
removal and fandfilling or solvent extraction geverally being the most preferred rernediation methods.
The public is currently reluctant to aceept placing PCB- and mercury-contaminated sediment in landfills.
The public also has expressed a desire to explore remediation technologies thal address the contaminant
exposure pathway. The GFT can help in addressing the problem of disposal of contaminated dredge
materials. Providing acceptable and cost-effcetive disposal of contaminated sediment would resolve the

public’s concern with contaminated sediment disposal and could significantly enhance clean-up actions.

2.2 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS FOR
THE GILASS FURNACE TECHNOLOGY

This subsection discusses foderal and state environmental regulations that could be pertinent (o operation

of the GFT, including transport, treatment, storage, and disposal (TSD) of wastes and treatment residuals

during a response action pursaant to CERCLA, as amended by the SARA. CERCLA provides for federal

funding to respond to releases or potential releases of any hazardous substance into the environment, as

well as to releases of pollutants or contaminants that may present an fmminent or significant danger to

public health and welfare or to the environment.

SARA includes a strong statutory preference for innovative technologies that provide long-term

protection and directs EPA 10



. Use rerpedial allematives that permanently and sipnificantly reduce the volume, toxicity,
or mobility of hazardous substances. pollutants, or conlanrnanis,

. Select remedial actions that protect human health and the environment, are cost-effective,
and invelve permancnt solutions and alternative treatment OF TES0UICE FECOVELY
technologies to the maximuem extent possible,

J Avoid off-site transport and disposal of untreated bazardous substances or contaminated
materials when practicable treatment technologies exist,
I general, two types of response actions ure possible under CERCLA: removal activities and remedial

actions. The GFT would be part of a CERCLA remedial action,

Remedial actions are governed by SARA amendments to CHRCLA. As stated above, these amendments
promote remedies that permanently reduce the volume, toxicity, and mobility of hazardous substances,
poliutants, or contaminants. The GFT is a toxicity reduction technology because it reduces PCBs and

other contaminant concentrations in solid media.

On-site CERCLA remedial actions must comply with federal and more stringent state ARARs, CERCLA
provides no ARARs itself] instead, CERCLA requires that remedial actions comply with substantive
requirements of other environmental statutes. ARARSs are determined on a site-by-site basis, considerig
the types of chemicals present (chemical-specific), actions taken and waste streams generated (action-
specific), and location of the site in relation to sensitive environments (location-specific). Location-

specific ARARs depend on site-specific conditions and are not addressed in this report.

This discussion addresses potential chemical- and astion-spocific ARARs. The GFT 1w destgned (o trom
chemicals such as PCBs, metals, polynuclear aromatic hydrocarbons, VOCs, and metals. Waste streams

gencrated by GFT relate to the material to be treated, dryer condensate, the destred properties of treated

material, and personal protective equipment (PPE). The GET is an ex-situ treatment technology, and
peneration and disposal of PCB waste, when excecding 50 ppm, is regulated by TSCA and 1s
implementing regulations at 40 CFR Part 761, 1f other containinants also are present at a site, site wastes
should be charactenized o determing whether they meet the definition of hazardous wastes under ROCRA

if so, RCRA requirements for management of hazardous wastes also will be ARARs for this technology.

Specific ARARs that may be applicable to the GFT are identified in Table 2-1,



2.2.1 Resource Conservation and Recovery Act

RCRA, an amendment to the Solid Waste Disposal Act, is the primary federal legislation governing
hazardous waste activities, RCRA was enacted in 1976 to address safe disposal of the enormous volume
of municipal and industrial solid waste generated annually. Subtitle C of RCRA contains requirements
for peneration and TSI of hazardous wasie, most ol wlich also we wlevaot and appropriate o CERCLA
activities where hazardous wastes are managed. The Hazardous and Solid Waste Amendments of 1984

greatly expanded the scope and requitements of RCRA.

These regulations are applicable to the GFT only if RCRA-defined hazardous wastes are treated or
generated during the CERCLA action. Regulations that are likely to be listed as ARARs include the
requirement to characterize waste for a hazardous waste penerator (40 CFR Part 262.1 13, the requirement
to determine if the hazardous waste is restricted from land disposal (40 CFR Part 268.7(a)), and either 40
CFR Part 267.344x) for storage of waste on site up to 90 days prior to off-site shipment or 40 CFR Part
264,553 for storage of waste in a temporary unit for up to 1 year prior to disposal. Requirements for
freatment and disposal units are considered 10 be ARARs for this process, becanse waste storage will be
conducted on site. Waste gencrated by the GFT included treated material, dryer condensate, and used
PPE. These materials would require analysis to determine requirements for disposal or discharge, if
these wastes are determined 1o be hazardous according to RCRA (either because of a characteristic or a
tisting carried by the waste), all substantive RCRA requirements regarding management and disposal of
hazardous waste must be addressed by remedial managers. Criteria for identifying charactenstic
hazardous wastes are included in Title 40 Code of Federal Regulations (CFR) Part 261, Subpart C. Listed
wastes from specific and nonspecific industrial sources, off-specification products, spilf clean-ups, and
other industrial soarces are ftemized in 40 CFR Part 261, Subpart 1. The technology could be used on
sites where lead, cadimtium, chromium, mercury, or other metals are present and could, depending on
concentrations, be characteristic hazardous wastes, PPE and clean-up wastes from a PCB-contaminated
site {if greater than 50 ppm) may not be disposed of in an ordinary landfill. Tt must be disposed of ina
TSCA chemica) waste landfill or 2 TSCA incinerator, Because this is a fixed trestment facility that will
have waste delivered (o the site, clean-up waste should not be an issue. PPE used at the treatment facility

will require special disposal,

Listed hazardous wastes (40 CFR Part 261, Subpart D) remain listed wastes, regardiess of the treatment
they may undergo and final contamination levels in the resulting effiuent strearms and residues, This

regulation implies that, even afier remediation, treated wastes are still classified as hazardous if the
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pre-treatment material was a listed waste, Under the contained-in policy, fisted wastes contained in other
sinabesfals that are managed as waste require that those matenials b managed as listed wastes. Material

can be de-listed in many cases, depending on the attributes of the treated material,

For generation of any hazardous waste, the responsible party must obtain an EPA dentification mumber.
Onher applicable RCRA requirements may inelude a Uniform Hazardous Waste Manifest (if the waste is
transported), restrictions on placing the waste in land disposal units, fime limits on accumulating waste,

and permits for storing the waste.

RCRA corrective action tegulations regarding corrective action management units (CAMUT) and
temporary units may be ARARs for CERCLA action involving RCRA hazardous waste. The CAMU rule
allows for disposal of remediation wastes without triggering land disposal restrictions and minimum
technology requirements. The temporary units rule allows treatment or tanks without triggering RCRA

tank regulations.
2.2.2 Toxic Substances Control Act
TSCA grants EPA authority to prohibit or control the manufacture, import, provessing, use, and disposal

of any chemical substance that presents an unreasonable risk of injury to human health or the

Part 761.

environment. Regulations promulgated under TSCA may be found at 40 CFR

Most of the PCB contamination addressed by this technology will be i waste that contains more than

50 ppm PCR contamination and is defined as “PCB remediation waste™ under 40 CEFR Part 761,53, and its
remediation and disposal will be regulated by 40 CFR Part 761.61. Three options in 761.61 to dispose of
PCB remediation waste, and substantive clean-up levels are provided in 761.61¢a), the “self-
implementing” clean-up option. Requirements in Part 761.61(b) are for a “performance-based™ option {or
disposing of PCB remediation waste and give perfonmance specifications for certain disposal technologies
such as incineration and placement in a chemical landfill. The final option is for a “risk-based approval”
and is found in 40 CFR Part 761.61{cY. This aption contains no substantive requirements or ARARs, but
allows EPA Regional Dircctors 1o approve remedial actions for PCBg through a site-specific, risk-based

deciston,

Minergy’s GFT demonstration was considered to be exempt from TSCA because PCB concentrations in

the sediment were consistently below 50 ppm. The full-scale Implementation will likely treat sediment
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with PCB concentrations greater than 50 ppim, and approval for treatment of that sediment would be

subjoct to EPA approval

2.2.3 Clean Air Act

The CAA and its 1900 amendments establish primary and secondary ambient air quality standards for
protection of public health and emssion limstations on certain hazardous air polutants.

CAA permitting requirements are administered by each state as part of State lmplementation Plans
developed to bring each state into compliance with National Ambient Adr Quality Standards (NAAQE)
Ambient air quality standards for specific pollutants apply to the operation of the GFT system, because
the technology ultimately results in an emission from a point source 1o ambient air, Allowable emission
limits for the operation of 2 GFT system will be established in a case-by-case basis, depending on the type
of waste treated and whether the site is 1n a NAAQS attainment area, Allowable croissions limits may be
set For specific hazardous air pollatants, particulate matter, hvdrogen chloride, or other pollutants. An air

poilution control system will likely be required 1o control the discharge of emissions to the ambient air.

224 Occupational Safety and Health Administration

Several requirements must be addressed, although they are not ARARs. CERCLA remedial actions and
RCRA corrective actions must be performed in accordance with the Occupational Safety and Health
Administration (QOSHA) requirements detatled in 29 CFR Parts 190G through 1926, particularly 29 CFR
Part 1910120, which provides for the health and safety of workers at hazardous waste sites, On-gite
construction activities at Superfund or RCRA corrective action sites must be conducted in accordance
with 29 CFR Part 1926, which describes safety and health regulations for construction sifes, State OSHA
requirements, which may be significantly steicter than federal standards, also must be met. All
technicians operating the GFT system are required to have completed an OSHA training course and mugt
be familiar with all OSHA requirements relevant to hazardous waste sites. Noise levels are an OSHA
concers, but GFT noise levels are not expected to be high, Therefore, anticipated noise levels are not

expectad to adversely alfect the community,
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2.25 Department of Transportation Regulations

Once dredged sediment is dewatered, it may need 10 be transported, depending on the siting of the
treatment facility. Minergy’s intent is 1o site the treatiment facility as close to dredging-and-dewatering
operations as possible. Off-site shipment of hazardous materials is subject to Department of
Transpottativn {IT) requirements for packaging and placarding, Additionally, if the weated material
was generated from a RCRA-defined hazardous waste, the material would be subject to DOT regulations

i 49 CFR Parts 172 and 173,

X (_'_‘{)mprghg;mive Environmental ‘R,Qsp:‘u]ﬁ(?? Cwﬂﬂlp(‘rl).‘:ﬂl‘iﬂll, and Liability Act OFE-Site
Rule
The CERCIA Off-site Rule requires that wastes taken from a CERCLA site for off-site disposal must be

transported to permitted waste disposal facilities. Fach EPA Region has a coordinator for assistimee n
identifying disposal facilities in the region that are in compliance with thelr appropriate permits and that

are approved to receive waste from CERCLA sites,

CERCLA covers specific envirommental regulations pertinent to detmonstration and operation of the GET,

including transport and treatment, storape, and disposal of wastes and treatment restduals. € Ay a5
amended by SARA, requires consideration of ARARs. CHERCLA igsues, although not true ARARs, also

are considered.

2.3 OPERABILITY OF THE TECHNOLOGY

A schematic of the GET process is shown as Figure 1-1. According o Minergy, the first step in the glass
aggregate recycling process is 10 receive dewatered sediment at the fidl-scale treatment facility. 1tis
assumed that sediment will be dewatered in the vicinity of dredging operations, unless a pipeling 15 used
to transfer sediment sturry to the treatment facility. Within the treatment facility, the sediment witl be
conveyed to a drying system, where the solids are dnied 1o approximately H) percent moisture. The dryer
will be vented to the melter furnaee to ensure that contaminants potentially reteased in dust during the

drying process are treated,

The GFT is designed so that dried sediment will be conveyed from the dryer system to the melter, &t

which point sediment melts and flows out of the furnace as molten glass, Tigh temperatures in the



fumace are expected to remove or destroy organic compounds contained in the sediment, including PCBs,

I addition, the melting process is expected 1o permuanenily stabilize the metals within the glass.

The molten glass flows into a water quench bath, where 1l cools gaickly and forms the glass aggregate
product. In this form, the glass aggregate product can be stored and handled si milarly to conventional
quatied aggregates. Some crushing and scrcening can be done, as required to meet the size requirements
of 4 particular application, Potential markets for the glass apgregate product inelude tloor tiles, abrasives,

roofing shingles, asphalt and chip seal agprepates, and decorative landseaping.

2.4 KEY FEATURES OF GLASS FURNACE TECHNGLOGY

This section describes the key featuwes of the GFT process, which may separate it from other remedial

technologies. These features may be unigue to the Minergy GFT,

2.4.1 Contaminant Reduction

One of the primary objectives of the SITE evaluation was to assess the efficiency of the GFT ia removing
or destroying PCB concentrations in the sediment, This objective was accomplished by sampiing the
sediment before treatment, the glass aggrepate, the furnace flue gas, the quench water, and the cooling
tower discharge water, The PCI concentration in the dewatered sediment averaged 28.5 ppm based on a
geometric mean. The geometric mean of the PCB concentrations in the glass aggrepate was

1.4 x 1 ppm.

The treatment efficiency (TEY was cafculated using the geometric mean of the total PCB concentrations

from each sampled media, The TE caleulation s further discassed in Section 4.3.3.1,

2.4.2 Mass Reduction

The SITE demmonstration began in June 2001, but the melter run was interrupted because of a failure of
the furnace refractory brick, allowing molten glass 1o feak. About 4,900 kg (11,000 ths) of river sediment
had been processed at the time the systern shut down, After the furnace was repaired, the demonstration
was restarted in August 2001, during which steady operating conditions were achieved and maimtained
throughout the demonstration. About 7,500 ki (17,000 Ibs) of sediment were processed during the

August demonstration.



A total ot 12,400 kg (27,000 [bg) of sediment was treated during the two demonsirslions, resuiting ur the
generation of about 4,900 kg (11,000 1bs) of glass apgregate. A mass reduction of 2.5 to 1 was observed

during the demonstrations, based on information obtained from Minergy.
2.4.3 Glays Appregate Qualitics

Minergy claims that the ghass aggregate product has qualities that support its value in the marketplace. It
does not Jeach PCBs or metals and has desired pliysical properties, such as high particle density, These
properties gualify the produet for use as construction {ill, floor-tile component, roofing-shingle granules,

or an additive to conerete,
244 Full-scale Design

Minergy has designed a full-scale GFT system to support large river-sediment dredging operations. The
treatment facility is expected to be located nearby dredging and dewatering operations to minimize
transportation costs. The design incorporates mixing and drying, flux addition and mixing, and melting,
The design incorporates several distinetive elements, such as, heat exchangers to capture lost heat and run
the dryers, venting to reduce particulates in the air stream, and closed conveyors (o move sediment
without creating dust. The full-scale GFT is designed to melt 600 tons per day of dewatered sediment ared
produce 250 tons per day of glass aggregate. A unit cost study was performed by Minergy that evaluated

costs to huild and run full-scale treatment factlities of 250, 500, and 750 tous of glass per day.
2.4.5 Clean Air Emissions

Glass furnaces use oxygen-fuel burners, combining natural gas and oxygen to heat the furnace. The
burners raise the internal temperature of the furpace to 1,600 °C (2,900 “F). The use of oxygen instead of
atmospheric air keeps nitrogen oxide emissions low and results in & cleaner burning operation. PCRH
emissions from the pilot-scale melter were low {geometric mean of the samples collected was

3.5 % 10 ppm).
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2.4.6 Costs

Unit costs for the full-seale implementation of Minergy’s GFT are detailed in Section 3.0, The costto
treat dewatered sediment with the GFT was estimated at $38.74 per ton, These costs are comparable to
Jandfilling costs. Because 1t appears that contaminant concentrations in the treated plass apgregate have
hoen permoanently removed, or are resistant to leaching, the future Hability associated with landfilling the

glass product seems to be much lower than that associated with landfilling the dewatered sediment.

The glass produced by the GFT may have some economic value that could oftset some of the
implementation or disposal costs. Additionally, reuse of the treated material will minimize the need to

landfill the plass apgregate, reducing the need for land Bl space,

2.5 APPLICABLE WASTES

The GFT process produces a glass aggregate product from contaminated sodiment, There are theee
sources of process wastewater: quench-tank water, condensate from the dryer exhaust, and blowdown
from the exhaust cooling tower. The condensate from the dryer exhaust and blowdown from the exhaust

cooling tower will likely require permmtting and treatment prior to disposal.

2.6 AVALLABILITY AND TRANSPORTABILITY OF EQUIPMENT

The GFT process for handling contaminated soils was initialty developed by Minergy to process
wastewaler sludge into glass aggrepate that couid be sold as a commercial product. The melter is
modified from a standard glass furmace. Other components, such as the indirect heat disc or paddie dryers
and packed cooling towers, are used in other industries and can be modified 1o fit the requirements of the
GFT process. Based on the ameunt of on-site assembly required, facility construction would be expected
to take abowt 9 to 12 months, Minergy states that, for a project of suitable size, design work could begm
inmediately. The size of the equipment lirsits the potential for a transportable unit. Because the
equipment is housed within a building, the facility could be constructed anywhere that space and

permitting would allow,



2.7 MATERIALS-HANBLING REQUIREMENTS

The GFT process is most efficient when feed matenials contain fess than 10 percent water and metal
particles, such as nuts or bolts, ete, have been minimized. Mixing is nccessary to get the material to feed
through the dryers, where the moisture content will be reduced to about 10 percent, Waste feed may
require the addition of a fluxing apent to control melting wimperatares and improve the physical
properties of the glass aggregate product. For the SUTE demonstration, waste feed pretreatiment consisted
of reducing the particle size, removing excess metal, drying, and Mending with 5 percent sodinm sulfate
by weight. Large pieces of material, iron in particular, are expected to be found in the dredped sediment.
These preces will be removed before pumping the sediment slurry or miking the dewatered sediment with
dried sediment, After processing through the full-scale GFT, the glass aggregate product will be
withdrawn from the water quench by a set of serews, dewatered, and trangported 1o a storage pile. The

aggregate will then be removed from the site for sale or disposal.
2.8 LIMITATIONS OF THE TECHNOLOGY

The GFT system has several limitations. Since the treatment facility is not transportable, material must be
delivered to the factlity for treatment, The material must be dewalered, cither mechanically or passively,
1o about 50 percent moisture prior to drying. Additional indoor storage of feed material will be required

in cold climates (o keep material in a non-frozen state,

Although the cost analyses performed in this I'TER are based on a project that would treat F-million-tons
of sediment, Minergy claims that melters could be scaled to accomodate sediment projects of most sizes,
This could include sediment from mudtiple sites that can be delivered to a centrally-located treatment

facility.
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TABLE 2-1

POTENTIAL FEBERAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS FOR

THE GELASS FERNACE TECHNOLOGY

Process Activity

ARAR

Description

Basis

Hequiremenlis

A FRCRA requirement must be meat

Sediment RORA 4O CFR Part 267 or state Identify and characterize . s - Chemical and phvsical analyses
Characterization equivalent sediment fo be treated. E'{f;f: managing and handing must be performed.

\s cm - Any activity sssociated with PCB
Natification TSCA 40 CFR Part 761 Mandate notificatior to EPA of 1 oo has votification Notify EPA with Form 7710-53.

PCR waste acivity.

requirements.

Transpertation for
Hf-site Treatment

RCR A H CFR Part 262 or siate
equivalent

Mandate mamfest requirements,

packaging, and labeling prior to
fransporting.

Waste may require mansfesting
anc managing as a hazardous
wasta.

An D mamber must be obtained
from the EPA,

RCRA 40 CFR Part 261 or state
equivaient

Set transportation standards.

Weste may need permis for
traasportation as a hazardous
waske,

A licensed hazardous waste
rransporter must be used.

Storage of Sediment
Prior to Processtng

RCRA 490 CFR Part 264 or state
equivalend

Appiy standards for storage of
Bazardous waste.

The sediment wiif be siored on site
prier i ireasment.

8 separate storage building is not
used, material mest be piaced on
and zovered with plastic to
mindmize fugitive air emissions
volailization and water infiltragion.

TSCA - 43 CFR Part 701

Apply standards for storage of
PCH waste,

Ths sediment will be sored on site
P o meatmendt,

Sterige is limited to 1 yzar, anfess

writen notification is granted from
EPA. The storage faciliey must be

constructed to control rerenduoft
and must be approved by EPA.

“Waste Processimg -
Smelting, Melting,
andd Refinmg Furnace

RCRA 40 CFR Parts 264, 265, 268
{Boilers and Industnial Furpaces

Rute in Sabpart H and Pard 270

Apply standards for the melting
of hazardous waste at permitted
anct traterimy stains factlities.

Processing of hazardous waste
must be conducted in 2 manner
that meets RCRA operting and
meHiionng reguirements,

Equipment mast be maixained
daily. Air emissions must be
charzcterized by continycus
gmissions monioring. Equipment
decontamination is required apon
completion.




TABLE -1 {continued}
POTFENTIAL FEDERAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS FOR
FHE GLASS FURNACE TECHNOLOGY

Process Activity

ARAR

Deseription

Basis

Reguirements

Storage After

RCRA 4 CFR Part 264 or sfate

Apply standards for the storage of

17 vigrfied preduct is dertved from
treatment of 2 RCR A-listed waste,
requirements for storagz of

The vitrified product must be stored
in containets that are wel-

Processing equeivalent bazardous waste, SR TrR maitgained and stored nan area
Z;;]idnus wasie tn conminers will consructed 1o contro} Ty,
_ _ Sv-products derived from Wastes mustbe disposed of at a
Bisposal RCRA 49 CTR Part 264 or state Apply standards for ‘andfiliing treatment of kazardous waste may | RCRA-permitted faciisty, or EPA
L eguivalent fazardous waste. need to he managed as hazardaus approval for piher disposal action
waste, must be obiained.
RCRA A CFR Part 208 ot state ﬁiil&?ﬁ?g?ﬁgi}?g;ﬁ%as The waste may be subject to Waste must be characterized
aquivalant fv'z;i;es on the pround federal Landfiil Disposat determine if LDRs apply; treated
= = . Regulations {LDHRsY. wastz muist be tested and resuits
Thsposal compared io the standard.

TSEA 40 CFR Part 761 or siate
eguivalent

Apply disposal options for PCB
semediation wasta,

PCB waste 15 subject to federal
requiremsnts regarding disposal.

Appy inwriing to the EPA
regional administeator for risk-
based disposal approval.

Post-reatment
Transportation

ROEA 40 CFR Part 207 or siate
equivatent

Apply manifest requitements and
packaging and labeling
Tequirsements prior to
transporting.

By-products may need to be
manifested and managed as
hazardous waste if they are
derived from hazardos waste.

An I munber must be obfained
fromr EPA.

RCRRA ) CFR Part 263 or state
euivalent

Apply transportatior. standards,

By-products may need to be
transported as a harzardous waste if
they ate derived from hazardous
waske.

An EPA Heensed transparter mast
be used.

Fiue Gas Emissions

CAA o equivalent State
Fiplementation Pian

Control gir emissions that may
‘mpact air quatity standards.

Anoff-gas treatment system is part
of ke glass fumace technology
system design,

Trestmers of contaminaied air must
adequately remove contamimants 3o
that air quality is not impacted.
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TABELE 2-1 {continued)
POTENTIAL FEDERAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS FOR
THE GLASS FURNACE TECHNOLOGY

Process Activity

ARAR

Bescriptisn

Basis

Requirements

Worker Safety

OSHA 20 CFR Pasts 1900 through
1926, or state OSEHA requirements

Apply worker healthand safety

gandards.

Comprehensive Envircnmental
Response, Compensation, amd
Liasility Act remedial actons and
RCRA correciive actions must
folivw requirements for the beaith
and safety of on-site werkers.

Workers must have completed and
maintzined OSHEA traming and
medical monitoring; use of
appropriate personal proective
equipment is requited,

MNotes: ARAR - Applicable or relevant and appropriate requirements
CAA - Clean Alr Act
CFR - Code of Federal Reguiations

TPA - 15 Environmental Protection Agency

153 - idenification
LDR - langfifl disposal restrictions
OSHA - Oscug}até{ma} Safety and Health Adsuinistration

PCR - Polychl

oringted biphenyl

R{RA - Kesource Conservation and Recovery Act
THCA - Toxic Substance Control Act




1.0 ECONOMIC ANALYS

Cost data were compited during the SITE demonstration at the Minergy facility in Winnecounng,

Wisconsin, as well as from information obtained from Minergy. Costs have hecn placed in 12 categories
applicable to typical clean-up activities at Superfund and RCRA, sites Hvans 1990), Costs are considered
{0 be order-of-mapnitude cstimates, with an expected aceuracy 1 withis 50 pacent above ans 30 poreent

helow actual costs,

‘Fhis section describes costs assoviaied with using GET to treat contaminated sediment and presents the

conclusions of The sconomic analysis,
31 INTRODUCTION TO ECONOMIC ANALYSIS

FCDs are identifiod in river and atream sediments al varions locations throughout the United States.
Various remedial options are under consideration for treating these and other contaminated sediment,
This economic analysis presents costs associated with vitritying contaminaled river sediment at high
temperatures, removing, destroying, or binding PCBs and any metals in the glass aggregate product
produced, Several cost scenarios were reviewed, ingluding varying the size and annual operational days
for the system. The scenario used for this analysis consisted o f one sediment melter rated at about 600
tons of sediment per day combined with three dryers rated at an input capacity of 208 dredged-and-
dewatered tons per day per dryer. Sediment storage was included to allow year-long operation in all

climates.

Important assumptions regarding operating conditions and task responsibilities that could affect the cost

cstimate results are presented in the following sections.

32 BASIS OF ECONOMIC ANALYS

Costs for the GFT have not previously been applied to full-scale remediation projects for sediments,
Historical project construction data and data for relatively standard construction praclices are available {or

other components, such as sediment removal and disposal, but such data are not available for the GFT.



A conventional present worth (PW} approach was used for this cost analysis. This approach is universal,
in that it provides procedures for computing the PW ofany cost to be considered. In the conventional

approach, cach cost is escalated and discounted in separate steps, as necessary to determing 1ts PW.

Coste ineurred over the Jifetime of a project are classified into four types of cost with respect to frequency

of occurrence:

1. Omne-lime costs are incurred only once over the life of the project, These costs include
those for initial investment, startup, and some alterations or madifications.
2. Continuous costs are incurred periodically thronghout a given year. Fxamples arc energy

- and surnpling costs

costs, operativial Jabor costs, schoduled mantenance go

3 “elical costs are incurred several times over the life of the project, but less than annual
costs. Some of these costs include some alterations, repair, or replacernent of equipment.
4, Annually recurring costs are ibeurred once cach year over the fife of the project. These

costs would incinde annual monitoring and permitung.

The cost clements in the following section were classified into one of these four categories. The cost of all
items was assumed to escalate at a rate less than, or equal to, the general infiation rate. Therefore, the
differential escatation rate is zero. The discount rate, based on the Office of Management and Budgel
(OMR) Circular A-94 and a project life expectancy of 15 years, was calculated at 3.3 percent (OMB
1972). Several additional assumptions were made m this cost estimate, based on an understanding of
process requirements, equipment design, and information from the demonstration project performed.

Assumptions are identified as they relale to each section of the process.
3.3 COST ELEMENTS

The costs directly attributable 1o the treatisent component are discussed below in terms of the cost

clements gencerally used by the SITE Program for evaluating treatment costs hased on field tests for
treatment technologies. The relative importance of each clement in selecting various treaiment
technologies depends on unit operations involved in the process, the importance of chemical additives lor
the process, energy tequirements and costs, and project-specific factors. The cost clements are the

following:

. Site Preparation Costs - This element includes site design and layoul, surveys and site
togistics, lepal searches, access nights and roads, preparation of support factiitios, and
utility connections. Where the site is used for more than just the treatment technology
(for cxample, prefreatment or disposal of residues), sie preparaion costs may be partially
included in the costs for other components.
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- Permitting and Regulatory Requirements « This element inclides panmits required by
RORA, TSCA, and CAA, system monitoring requirements as may be required by state
regulations, and development ol montoring and analytical protocols to comply with
regulatory requirements.

. Capital Equipment - Major equipment items, process equipment, and residual materials
handling equipment are included in this clement. The annualized equipment cost is based
on the life of the equipment, the salvage value, and the annual 1nterest rate.

. Startup Costs - Costs associated with operator training, system startup, and ensuring the
proper functiomng of the system,

. Labor Costs - Labor charges for operational, supervisory, adminmistrative, professional,
technical, maintenance, and clerical personnel supporting the reatment processes Toust be
eatimated for this element.

. Conswmables and Supplics - The raw materials and supplies required to process the
material are included in this element.

J Utilities - Fuel, oxygen, and electrieity required to process the material are ineluded in
this element,

. Residue Freatment and Digsposal Costs - Trearment systems may generale one of inore
residues {for example, water, oil, solids, shudges, air, or gas) that require further treatment
before discharge or disposal. This clement may also include fillers or carbon treatment to
conirol air emissions.

1

. Transportation Costs - Some transportation of dewatered sediment may be necessary if
the teatment facility is not located in proximity to dredging and dewatering operations.
Costs do not include tansportation of glass apgregate o an oft-site location,

. Monitoring and Analyticat Costs - Field and Jaboratory costs for monitoring conditions
of the treatment process and the quality of residues are included in this element,

. Facility Modification, Repair, and Reptacement Costs - This element inciudes design

adjustments, facility modifications, scheduled maintenance, and equipment replacement.
Maintenance labor costs are assumed to be part of the operational labor costs,

. Site Demobitization Costs - Costs [or demobilizing the GFT include equipment

demelition and general clean-up,

The 12 cost factors examined as they apply to GFT, along with the assumptions employed, are described

in the following paragraphs and are shown in Table 3-2.



334 Site Preparation

The amount of preliminary site preparation required will depend on the site’s location, suitability for
deveiopment, and proximity to dredging operations, Site preparalion Components include site design and
layout, surveys and site logistics, legal searches, access rights and roads, preparation for support and
decontamination facilities, wility conncetions, tixed auxiliary buildings, and soil stockgpiling. No costs
for geotechnical evaluation of the treatment site are included. Tt is also assumed that the facility will be
constructed in an arca zoned industrial, Because of the variability in property value and utility
availability throughout the country, costs associated with lease or purchase of property are not included.
This cost analysis begins with the sediment dewatered to a moisture content of 50 percent; therelore,
excavation or dredging, mobilization, and dewatering ¢osts are not included. 1t is assumed that metals
removal during  full-scale iaplementation will occur prior to dewatering; additional metals removal is

not included as part of this cost estimate.

Onee dewatered, the material will be moved by front-cnd joader to the drying equipment. Costs to move
the material to the treatment wnit inchide costs for operatmg heavy equipment, labor charges, and
equipment fuel costs. These costs are broken down in the labor, capital equipments and consumables

eections: therefore, no site preparation costs are included in this cost analysis.
3.3.2 Permitting and Regulatory Costs

Permitting and reaulatory costs will vary, depending on location of the treatment facility. ARARs include

federal standards, as well as mote stringent standards uader state or local jurisdiction.

All of the exhanst cooling systems in the GFT use non-contact heat exchangers (o prevenl contamination
of cooling water, The exhaust is designed to allow for minimal particulate within the air stream. Costs
for initial permitting of this facility are estimated at about $150,000. Sampling of the air stream and
wastewater for permitting purposes is estimated to be $10,000 per year, which includes professional
services, analytical services, and regulatory fees, Initial penmitting is a one-time cost, and sampling and
permit update costs are an annually recutring cost. Hsing a discount rate of 3.3 percent, the net PW of the
permitting and regulatory costs is $252,500. Based on the estimated project tife of 15 years and facility

throughput of 210,000 tons per year, the permitting and regulatory cost is estimated 10 be $0.08 per ton,

e
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333 Capital Equipment

Equipment costs associated with the GFT include the sediment storage building, melter building,
sediment mixers, sediment dryer, sediment-handling systern, ghass melier, oxygen-gencrating plant, and
off-gus treatment system. Capital costs are based on information supplied by Minergy. Costs o constrict
the melter, agsociated equipment, und buifdings, as detailed in Table 3., arc catimated at $36,387,736.
Based on an estimated operating life of 15 years and contaminated sediment volume of 210,000 tony per

year, the estimated capital equipment cost is $11.55 per ton.

TABLE 3-1
PROJECTED CAPITAL COSTS - SEDIMENT MELTING PLANT

Ttem Cost

Meher (delivered and mutalled) $ 7.511,976.00
Dryer (36 $862,835) A 2,588,505.00
Materials-Handhng System % 3,019,923.00
[hryer Off-gas System % 394,515.00
Thermal Oif System 5 995,579.00
Aidr Quality Control System 3 468,931.00
Oxy-fael Systemn g £45,081.00
Utilities Bguipment $ 488,383.00
Mechanical Contractor 5 7,886,711 1.00
Flectrical Contractor $ 2,413 5458.00
Main Bulding % 2,634 ,500.00
Fngimeering ) 3,274.684.00
From-end loader b 365,000.00
Sedimen! $torape Building b 1,800,000.00

TOTAL b 36,387.736.00
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334 Startup Costs

Startup costs include training of operators and workers on equipment use and health and safety
procedures, initial system testing, and system shakedown, Starfup costs are estimated at $764,000. Based
on an estimated operating life of 15 vears and contaminated sediment volume of 210,000 tons per year,

the estimated capital equipment cost 1s $0.24 per ton,
3358 Lahor Costs

The facility is assumed to operate 24 hours per day, 350 days per yvear. Based on eperations at similar
facilities and observations during the 81TE demonstration, a four-person crew per shifl should be
adequate for safe operation of the facility. The crew would consist of a shitt supervisor, two equipment
operators, and a laborer. Assuming three shifts consisting of four crews, lubor charges [or operational,
supervisory, administrative, professional, technical, mainienance, and clerical personnel supporting the
treatiment processes are estimated at $2,382,000 per year. The net PW of labor costs over the 15-year lite
is estimated at $27,829,000. Based on the throughput of 210,000 tons per year, estimated labor costs are

58,83 per ton.
330 Consnmables and Supplies

Minergy has estimated the consumables and supplies to cost 5241,900 per year. In addition, the system
uses a lime {lux rate of approximately 15 percent. With a lime tlux cost of $25 per ton, flux costs are
estimaled at $447,000 per year. The net present worth of consumables and supplics over the 15-year lite
is estimated at $8,048,400. Based on the throughput of 210,000 tons per year, estimated consurnables

costs are $2,56 per ton.
3.3.7 Utilities

The factlity is expectad to wse approximately 1.9 million Btu of gas per ton of treated sediment and 1135
kilowats-hours of electricity per ton of treated sediment. Based on estimates of gas delivery at
$3.25/mitlion beu and an eleciricity rate of 4.5 cents per kilowall hour, utility costs are estimsted
$2,403,000 per year. The PW of operational costs over the 15-year hife is estunated at $28,074,000, or
$8.91 per ton.



3338 Residue Treatment and Disposal Costs

The three sources of provess water for the operation are condensate from the dryer, blowdown from the
packed tower ou the melter exhaust, and cooling tower blowdown, The condensate from the dryer may
have high total suspended solids (T88), as well as potential PCB contamination, attached to sediment
particles. This water will require treatment prior to disposal. The packed tower blowdown will have high
concentrations of TSS and high chemical oxygen demand, The cooling water blowdown is a non-contact

cooling water and therefore would not require treatment prior to disposal.

The velume of process water requiring treatment is estimated at 63 gallons per minute, for an annual
estimated volume of 31.7 millior gallons. This process water will be routed through the wastewater
treatment facility processing the dredped sediment, T the sediment is delivered to the melter in a
dewatered state, no treatment factlity for the dredged water will be available. Therefore, # 15 assumed
that this water would be sent 1o a municipal treatment facitity. Assumung a municipal charge of $1.50 per
1,000 galtons, the annual costs for treating the process water 1s estimated to be $47,600, or over the life of

the facthity, an estimated cost of 30,18 per ton,

339 Transportation Costs

it is assumed that for the full-scale operation of the GFT, the facility will be located next to the
dewatering operation and that no transportation of the dewatered sediment will be necessary before

staging the sediment for processing through the GFT.

3310 Monitoring and Analytical Costs

Field and laboratory costs for monttoring conditions of the treatment process and the quality of residues
are included in this element. Incoming sediment will be sampled at o rate of one sample per 300 tons of
sediment. Treated material will require initial analysis to prove treatment effectiveness and periodically
throughout the treatment process. Monitoring and analytical costs are estimated at 300,000 per year.
Based on the 15-year life and throughput of 210,000 tons per year, estimated monitoring and analytical
costs are $1.11 per ton. These monitoring and analytical costs are based on TSCA regulatory
requirements as the most stringent requirements. in some cases less stringent monuorng may be

possible.
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3318 Facility Modification, Repair, and Replacement Costs

Maintenance labor is included as a part of operational labor costs. Minergy has estimated operations,
replacement, and repair costs to be $1,370,455 per year. Modification costs are site-specific and vary,
based on weather issues, regulatory changes, or operational obscrvationy; therefore, modification costs are
not included i this cost estimate. Based on the | 5-year life and throughput of 210,000 1w0ons per year,

estimated operations and maintenance costs are $5.08 per ton,
13.12 Site Demobilization Costs

Tt is assumed that the site used for the treatment process will be purchased or leased by Minergy or the
responsible party. Site restoration requirements will vary, depending on the future use of the site, and
therefore are not included in this analysis, Costs 1o demobilize equipment at the end of 15 years are
estimated at $1.000,000. Based on the above-identified discount rates and sediment throughputs, the
estimated cost for demobilization of the equipment is estimated at $0.20 per ton, Based on the above
costs, the total cost to treat dredged-and-dewatered sediment with the GFT was estimated at $38.74 per

ton,
34 BENEFICIAL REUSE

The GET glass agpregate product passes the ASTM water leachate test. Contaminants contained m the
river sediment appear 10 be stabilized within the glass matrix of the product and, according to data
obtained during the SITE demonstration, arc not available to leach into the environment. Leaching tests
were conducted to evaluate the primary objective associated with beneficial reuse of the glass apgrepate,
the methods for which are discussed in Section 4.3.2.7. Results of the leaching tests and a comparison o
beneficial reuse criteria is presented in Section 4.3.3.1. Further, the GFT glass aggregate product can be

stored like any quarried apgregate.

(ilass aggregate product can meet industrial requirements for the manufacture of the following products:

. Coramig Hoor tile

- Abrasives

. Conerete additives

. Asphalt paving and chip seal
. Reofing shingle pranules
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Depending on use, markers may require additional manipulation of material, and those cosls are not
inchuded in this analysis. Glass aggregate product sales will vary by dennasl, eod credits are also net

included as part of this cost analysis.

35 SUMMARY OF ECONOMIC ANALYSIS

This section summarizes the costs for the GFT process. Costs were based on information from the pilot
study, data supplied by Minergy, and information collected from other industry sources, Tstimated costs
identified within this section were based on the assumptions previously identified in Sections 3.2 and 3.3,
The facility identified within this section s estimated to treat about 600 tons of dredged-and-dewatered
sediment per day, which produces about 250 tons of glass per day. It is estimated that the facility would
operate 350 days per year for 15 years, which works out to approximately 3.2 million tons of treated

sediment.
The net present value (NPV) of the tacility was determined for all components. To compute NPV, 15
necessary to discount future benefits and costs, which reflect the time value ol money, The discount rate

used for this estimate was 3.3 percent, based on current OMB guidelines.

The NPV of the facility described in this document was estimated at $122,041,000. The estimated cost

per ton to treal the sediments s $38.74 per ton.

Costs 1dentified in Section 3.3 are summarized in Table 3-2,
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TABLE 3-2

SUMMARY OF COSTS FOR MINERGY GLASS FURNACE TECHNOLOGY

Cost Liement

Estimated

Percent of

Cost per Ton Total
Site Material Preparation Costs - -
Permtting and Reguiatory Costs b 0.08 0.2
Capatal Equipment §  11.53 29.8
Start-up Costy h 0.24 0.6
Labor Costs $ 883 22.8
Consumables and Supplies 256 6.6
Utihties b 8.91 230
Residue Treatmuent and Disposal 018 0.5
Transportation - -
Momioring and Analytical by 1.1] 2.9
Facility Modification, Repair, and Replacement 5 5.08 P31
Site Demobilization and Restoration ¥020 0.5
TEYIAL ¥ 3874 o
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44 TECHNOLOGY EFFECTIVENESS

The following sections discuss the sample results and effectiveness ol the GFT 1echnology to treat

PCB- and metal-contaminated sediments,

4.1 DEMONSTRATION BACKGROUND

This demonstration evaluated the effectiveness of the GET process to treat PCB- and metal-comaminated
sediment. The technology evaluation consisted of pre-treatiment (and prowdryer) sediment sampling: post-
dryer sediment sampling and post-melter plass: and air, quench-water, and cooling-tower-water sampling

during treatment,

Sediment used i this demonstration was obtained from the Lower Fog River during the 1999-2000
Sediment Manapement Unit (SMLD 56/57 pilot dredging project, which included hydraulic dredging,
onshore dewatering, filter pressing, treatment with lirme, and disposal of PCB-contaminated sediment.
The sediment removal action was conducted adjacent to the Fort James Corporation facility in Green Bay,
and dewatered sediment was disposed of at the Fort James Landfill, while all treated water was returned
SMU 56/57 project goal was 10 generate information to assess the effectiveness and expense for

targe-scale sediment dredging and disposal of contaminated sediment from the Lower Fox River.

In general, the dredging project consisted of hydraulic dredging of a portion of the river bottom into two
Hned settling basing. After the solids sertled out, they were pumped to plate-and-Irame prosses for
mechanical dewatering. Lime was added, on an as-necded basis, to aid solidification, and the sediment
was transported to the Fort James Landfilt for disposal. Water was treated with sand fltration and

activated carbon before it was discharged back into the Lower Fox River.

A portion of the sediment from the SMU 36/37 project was segregated for the purpose of the SITE
evatuation of the GFT, an innovative sediment-treatment technology. On December 17, 1999, rather thano
toading all  dredged-and-dewatered sediment into trucks for transport and disposal, a portion was loaded
into four hined 20-cubig-vard roil-off boxes, The boxes were covered and transported 1o the Drown
County Landfill in Green Bay, Wisconsin, where the sediment was temnporarily stored until the GFT

evaluation,
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4.2 METHODOLOGY AND TECHNOLOGY IMPLEMENTATION

This section details activities conducted prior to and during the GET demonstration. The evaluation was
arranged to scientifically verify Mmergy's claims and to assess the etfectiveness of the GFT m meeting
project objectives. Objectives Torm the basis for the evaluntion and provide a measure by which
performance of the technology can be measured. Elements of the experimental approach and the
procedures involved, conducted during both the dryer and melter demeonstrations, are presented in the

following sections. Table 4-1 summarizes the events and dates of the demonstrations.

FTABLE 4-1
SUPERFUND INNOVATIVE TECHNOLOGY EVALUATION DEMONSTRATION EVENTS
Event Duration
Diryer Demonstration at Hazen Research, Golden, Colorado January 23 through 25, 2001

Dredged-and-Dewatered Sediment Sampling from Rol-oft Boxes at Aprid 24 and May 7, 20601
Minergy Facihity, Winneconne, Wisconsin

Dried Sedument Sampling from Supersacks after Drum Dryer at June 4 and 35, 2001
Mincrgy Facility, Winnecoune, Wisconsin
GFT Melter Demonstration at Mmergy Facility, Winneconne, Junte 19 through 23, 2001 and
Wisconsin August 14 through 17, 2001
Cilass Samples Crushed at UW-Platteviltle, Platteville, Wisconsin August 27 and 23, 2001

4.2.1 Pre-demonsteation Activities

Before sediment could be fed into the melter, the moisture content needed to be reduced from a dewatered
condition (50 percent) to a motsture content of 5 to 15 percent for optimal melter efficiency. Minergy
researched availabic drying technologices and determined that an indirect heat disc or paddle dryer unit
was the most appropriste drying technology for the GFT treatment process; however, no production-sized
dryers of this type were available for use at the Mancrgy facility or elsewhere. Therefore, Minergy set up
a bench-scale demonstration of a Holoflite™ dryer at the Hazen facility in Golden, Colorado, to provide

data on & unit stmilar to that intended for use by Minergy in the full -scale design.
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4,2,1.1 Hazen Research Inc, Dryer Demonstration

Rased on the dust carryover into the air and condensate streams, it was evident that the results were
strongly isfluenced by the comtamination in the dust and should be distegarded. The size of the bench-
scale Holoftite® dryer also proved to be inadequate 10 achieve the evaluation objectives. Appendix C

contains details of the Haxzen Holoflite® dryer demonatration.
4.2.1.2 Drom Dryer

The dryer selected hy Minergy to dry the bnlk of the sediment to be used in the melter demonstration was
not suitable for samphing and evaluation of #s potential waste streams, Minergy had planned the dryer
test to be a bench-scale demonstration only, using a portion of the sediment. The rest of the sediment
stored in the roll-off boxes was to be dried using a different technology. The dredged-and-dewatered
sediment was manually shoveled from the rotl-off boxes into 55-gallon drums. The drums were placed,
12 at a time, into a drum oven, whete they were heated for about 36 hours, until the sediment contained
about 10 percent moisture. The drium oven was chosen, because it was electrically heated and could be
transferred to two supersacks, weiphing about 1,000 pounds each. Thirty batches of sediment were dried
in the drum oven, vielding 60 supersacks of dried sediment. Bach supersack was numbered to designate

[romn which roll-oft box the sediment originated,

4.2.2 Glass Furnace Technology Melter Demonstration

The mehter-demonstration evaluation was designed to collect six composite samples of the sediment
entering the melier and six composite samples of glass aggregate product exiting the melter. These
samples would provide the data necessary to evaluate the primary objectives. In addition, samples were
coliected from all waste streams of the melter, including air, quench-tank water, cooling-tower water,
accumulaied dust, and flux,

4.2.2.1 June 2001 Glass Furnace Technology Demonsération

Minergy initially began the GFT demonstration on June 19, 2001, The demonstration began with the

melter warmup and introduction of sediment. Minergy began melting sediment segregated for the SITE
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demonstration carly on the morning of June 20, 2001, Sediment grab samples were collected at
13-mninuie intervals over a 6-hour period, Glass apgreguee produce samphes were collected al 15-minute
intervals over a 6-hour period. CGlass-aggregate-product sampling began after completion of the 6-hour
sedirpent feed sampiing. The sampling protocol was arranged to account for the 6-hour residence time

within the melter, so that sampled glass aggrepate corsesponded with sampled sediment.

The initial demonstration suffered problems associated with the flow of sediment feed and the effluent
flow of the molten glass from the weir of the melter. The lack of fluidity of the molten glass caused many
mtermptions of the flow from the melter and forced adjustments {o the sampling schedole. In cases where
flow was interrupted for a signiticant period of time, sampling of the glass agpregate was suspended uniil
flow was restored. Upon restoration of the molten glass flow, sampling resumed at shorter intervals to
collect the required volime of glass apprepate within the 6-howr sampling period. These conditions

petsisted over the first 2 days of the melter demonstration,

On the third day of the demonstration, molten glass began leaking through the side of the melter at the
forehearth and spilled onto the floor. The leak location was immediately doused with cold water, and
project stakeholders decided to halt the demonstration due to the hazardous conditions resultiny from the
melter leak, The molten sediment was more corrosive to the originally selecied refractory brick than
previously predicted. The melter was rebuilt with an improved grade of refractory and the demonstration

was re-schedinled.

4.2.2.2 August 2001 Glass Furnace Technology Demonstration

The meller demonstration restarted on August 13, 2001, with melter warming, sedimnent introdoction, and
sampling of the sediment, glass, and other waste streams from the melter operation. Less sediment was
available for this demonstration as a result of the fatled first attermpd, so two sampling runs were
conducted each day, rather than one. This schedule was necessary due to a shortened melter

demenstration period.

The melier operated continwously throughout the August-demonstration period,  Sediment and glass
sampling began on August 14 and ended August 16, 2001, Molten glass continued to flow [rom the
melter as long as sediment entered the melter. The sampling probe that wag inserted into the flue to
collect air samples was a source of intermittent problems cavsed by plupging with what was thought to be

flux material, The material buildup resulted in the periodic interruption of air sampling so that the probe
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could be cleaned. The interraption of flow lengthened the time needed to coliect individual air samplos;
consequentdy, the ain supling tewn worked o shifis w cover the sampling 24 hours per day. Air
sampling activities continued for 3 days and ended on August 17, 2001, while sediment and glass
sampling was completed in 3 days.

Al of the melter data presented in this ITHR were generated during the August 2001 demonstration.

4.2.3 Sampling Program

capaclly

Te facilitate evaluation of the technology, a sarapling program was designed Lo assess the GET?
to meet the objectives outlined above. The sampling program was detailed in the quality assurance

project plan (QAPPY (EPA 2001) before the demonstration was begun.

The roll-off boxes were delivered to Minergy's facility in Winneconne, Wisconsin, and thawed. A hand
anger was used 10 colleet sediment samples from randomly seleeted locations within the roll-olf boxes.
‘Fhose samples were composited by coning and guartering on a plastic sheet. S1x compogite sediment
samples were collected from the roll-off boxes. The material in the roll-oft boxes was subsequently

processed in the drum dryer,
4.2.3.1 Drum Dryer

Beeause the SITE evaluation intended to use data collected from an indireet dise or paddle dryer,
sampling of the drim dryer was not outlined in the QAPP. After the data from the bench-scule dryer were
determined to be inadequate, it was decided to collect samples of the dredged-and-dewatered sediment
entering the drum dryer and as well as the dried sediment exiting the drum dryer. No samples of air or
condensate emitted by the dryer were sampled. The drum dryer was not eonfigured to aliow for samplmg

of the exhatst or condensate,
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4.2.3.2 Class Furnace Techoology Melter

Sampling of the GFT melter was planned to obtain corresponding samples of sediment entering the
meler, glass aggregate product exiting the melter, and quench water used to cool the molten glass, Air
and other samples collected during the demonstration were not meant to parallel sediment and glass
samples. Sediment and glage saamples were collected as composite samples, to assess the uniformity, as
well as potential contaminant losses, of the sediment feed und glass product. Composites consisted of 24
individual grab samples gathered every 15 minutes over a 6-hour period. Quench-water composite

samples consisted of 12 grab samples collected over a 6-hour pemiod,

Ancillary media samples, such as air, cooling tower discharge waler, city water, and flux were not
collected as composite samples. Forty air samples were collected to be analyzed for PCBs, dioxins and
furans, semi-volatile organic compounds (SVOCs), metals, VOCs, snd hydrogen chioride/chlorine.
For the August 2001 demonstration, sediment and glass sampling was completed in 3 days, while air

sampling required five 24-hour sampling days to collect the desired namber of samples.

4.3 GEFT DEMONSTRATION DATA

This section presents the results of data gathered for the drum dryer and GFT melter dunng the SITE
demonstration. Sediment, glass, air, and water sampling results and operating data were used to evaluate
the performance of the GFT in relation to evaluation objectives, Sampling results are shown in Tables
4-2 through 4-12. Significant fgures used to report anafytical data n the tables and text of this report
reflect the same nunber of significant figures reported by the laboratories. Al solids results are reported

on a dry-weight basis.

4.3.1 Dryer

Data collected from the sampling of the dredzed-and-dewatered sediment in the roli-off boxes and the
dried sediment in the supersacks at the Minergy facifity in Winneconne, Wisconsin, were used 10
calculate the ‘Treatment Efficiency (TE) of the GFT. Results of the before and afier dryer samples
collested in Winneconne, Wisconsin, are detailed in the following seotions. As mentioned in Section
4.2.1.1, results of the Holoflite™ dryer sampling are detailed in Appendix C, but are pot used n the

evaluation of the GET.
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4.3.1.1 Dredged-and-Dewatered Sediment

To evaluate the GFT process as a whole, dredged-and-dewatered (wet) sediment samples were collected

from the roll-oft boxes.

Compeosite samples were analyzed for both the Wisconsin State Laboratory of Flygiene list of PCB
congeners and total PCBs by BEPA Method 680 (EPA 1985). The results of the analyses are presented in
Table 4-2. Total PCR results were caleulated by summing the concentration of homologs (serics of PCBs
where each successive member has one additional chlorine). Non-detect values were not used in this

calenlattion. These concentrations ranged from 20.1 10 35,9 ppm.
4.3.1.2 Drum-Dried Sediment

Six composite samples were collected from the supersacks containing drum-dried sediment and were
analyzed for both the Wisconsin State Laboratory of Hygiene list of PCB congeners and total PCBs by
FEPA Method 680 (EPA 1983). Total PCB results, caleulated by summing the concentration of PCH

homologs, are reported in Table 4-3. The results range from 20.5 to 25.0 ppin,
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TABLE 4-2
DPREDGED-AND-DEWATERED SEDIMENT RESULTS

Analyie Sample Edentification
PCBs (Method 080) Rollaft #3 Rolloff #4
(ng/y) Lifi | Lift 2 Lift 3 Lift 1 Lift 2 Lift 3
{1}-Mo( 3 260 274 194 275 =341 277
(4. 1-IHCH 1050 1,010 642 #42 BT ' 721
(9.7)-DCH 195 108 113 164 1635 132
{6) IHCID 1,630 {,680 042 1,340¢) 1,350 1,04
{5,8-DiCB 2,01 2,040 1,150 1,740 1,660 1,350
{19)-1TnCi o2 292 172 252 248 20}
{(1ETHCH 2,700 2,750 1,460 2,210 2,004 1,600
{(17)}-TnCH 1,500 1,470 823 1,260 1,210 ORS
{(27,24)-TriCCB 326 321 P84 278 270 220
(16,323 T B 1,850 1 R6M 1030 1,570 1,400 1,220
(2IN-TnCH <439 =467 <359 525 b =4 2(}
{26,250 TriCH 2,820 2,859) 1,370 2.440) 2,280 1R800
28,(310-TnCH 7350 7320 4,061} 6,320 5,920 4,860
(21,33, 200-Tn(CB 825 793 459 721 (83 552
(22)-TrB #51 828 484 752 Ti8 578
(3N-Tri"B 554 508 36 500 469 381
(33)-FeCH 274 278 151 232 221 182
(45)-TeCH 271 250 154 234 226 185
(46)-TeCH 104 108 58.6 904 849 .6
{43)52-TeCH 1,540 1,350 &60 1,330 1,26() 1,040
{49 TeCB T 90 1,194 HOG 1,030 984 820
(47.48.75)- TeCl3 646 H25 362 457 539 446
(44 ) TeCB 1,070 1,140 6013 1,100 SO0 Ta6
(59 42)-TeCC3 S8R 5492 341 354 485 423
{41.71,723TeCB 628 636 358 554 33 440
{6 68 TeCB ®7 8 499 774 745 613
{40y Tel'3 214 224 124 194} 183 150
{63)TeCh 108 105 6.6 96.0 93.6 717
(74)-TeCB 483 463 276 434 T 417 340
{70y TeC3 HA7 578 357 566 337 442
(66, 80)-TeCB 654 Gl6 378 605 373 4466
(36,6)-TeC' B A7 448 3 470 433 3ol
(77 TeCH 148 141 B5 R 135 131 111
(91)-PeCB 55.7 43 324 449§ 48.0 390
(834)-PeCB #3.1 86.8 49.9 75 712 0.9
101,11 5)-PeCB 150 143 1.3 138 131 104
(9N)-PeCl G4 £ 40 5.5 86,3 K24 68.2
(119 112)-PeCB t4.0 13.9 9.00 14.1 13.4 1.7
{R6,97,125)-PeCB3 61.2 597 36.49 554 3.0 440
(87,111 1E5)-Pech T2.6 724 44 8 68.0 3.7 531
(85-PeCH 4377 45,4 27,3 41.4 4.5 338
{{1N-PeC’B 302 293 184 25(} 260 223
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DREDGED-AND-DEWATERED SEDIMENT PCRB RESULTS (CONTINUEL)

TABLY. 4-2

Anatyte Sample fdentificarion
PC s (Method 680) Rolloff #3 Rolloft #4
{ng/g) Lift 1 Lift 2 Lift 3 Lift | Lift 2 Lift 3
($2)-PeCR 310 3.0 19.2 283 26,5 232
(120)-PeCB =439 <4.07 <359 <3.5() 208 =420
P18-PeCB 103 152 7.3 147 139 115
(E14)-PelB 10L6 iod =359 i3, 30 #.01 705
{136)-Hx('B 17.6 16,0 <11.8 15,3 15.7 12,5
{151)-Hx(CB 22.4 212 14.3 20.3 19,1 159
(135 HxCB 16.9 15.8 =}3.0) 154 14,8 123
(139, 149)-HxCH T6.4 67.2 439 69.2 .1 5354
{146,161)-HxCB 9.6 17.1 11,0 8.1 16.8 13.6
(1323153 (168)-HaCB 113 974 a7.3 101 243 865
(14 1)-HxCH 14.6 13.3 8.66 13.3 12.0 1.6
(1373-HxCH 4.62 =467 <359 4.1 <61 =4 2}
(138, 160-Hx{ B 58.9 51.3 4.8 3176 47.1 43,0)
{138)-Hx(B 6.93 887 5.31 48.7 681 34
(128)-HxCB 10,6 8,90 7.03 9.15 1.2 843
(167)-11ACD 722 5,88 3,50 “3.50) <461 4,71
(156)-HxCB =058 <12.4 «K.54 .23 =461 (.78
{157)-HxCR «d. 34 4 07 «25.0) 9.96 <4.61 19.4
(1761-HpC R 476 4,67 =350 3,50 =461 <420
{178)-HpCB 5.9% 5.60 <366 5,36 w516 4.23
(182, 187)-HpChH 343 29.7 18.7 31.3 294 24.7
{183 HplR 14.4 12.8 8. TR R RY £ 1 H1 &
(174, 181)-HpCR 21.9 20.5 12,4 21 210 15.0
(177)-HpCB 14.2 12,9 7.67 13.2 13.7 9.89
1RO, (193)-HpCR 57.3 51.4 =335 330 3.0 40.3
{170, 190-HpCR 26.2 222 134 225 217 1835
{196,203)-0cCH 1.4 «12.0) =7, 349 10.4 =112 7.57
(206)-NoCR 957 7 Rd 5.55 7.47 7.65 5.56
{208)-DeC13 5.40 4.99 £330 443 =4 0] w4 2()
PCRs (Method 680)
homalog suri (ng/y) 35,004 35700 20,100 31100 29,300 24300 |
Notes:
npfe = Nanogram per gram
PCBs = Polyehlorinated biphenyls

PCR congeners less than detection limits in all samples are not included in this table, For a complete list of these

analytes, sec Appondix A.

Resuits are reported on a dry-weight basis,
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TABLE 4-3
DRUM-DRIED SEDIMENT PCB RESULTS

Analyie Sample Jdenrification
PCBs (Method G8() Roloff #3 Rollotf #4
{np/e) A B C A B L
(1-Mot’B 862 =714 %52 <760 67.9 569
{4, 10)-0NCH 4(K) 332 436 363 30% 310
{9,7) T3 100 B0 tOR 91,9 19,5 843
(6)-DiCs 535 753 924 B 691 741
(5,8)-DNCH 110 QR0 1,206 1,060 910 071
(19)-TrCH 1331 141 174 148 127 136
(18)-T1C'B 1,500 1,360 £ 640 1,430 1,230 1360
{17 1TrCR 577 BOG HAR 837 731 T8
{2724 Tr(CB ) 185 214 192 169 181
(16,325 TrlE 1,140 .06 1.25§) 1,14} 976 1,050
(26,25} Trl3 1,850 1,750 2,020 1.540) 1,650 1,770
28030 TrCh 4,770 4,530 5,280 4,510 4340 4,750
£23,33,200-TrCH 544 527 601 553 a2 530
{(22»-T1CH 387 558 04K} SKY 535 568
{3718 379 12 414 393 36d 386
(53) Tl 13 179 172 197 b7 162 109
(45)-TeCB 185 175 203 83 o6 173
{46} TeCH 724 68,2 782 6495 64,3 66.5
{43).52-Te(!B 1,050 1.030 1,160 1,064 970 101G
{493 T 824 812 911 %22 167 To0
(47.48,75)TeCB 452 443 497 455 4240 432
{44)-Te(:13 763 760 #47 WAt TOR 741
GoadTech 13 a0 463 a0 IR0 O
(41,74, 72)-TeC13 450 452 502 451 432 441
{64,68)-TeCRB 635 632 6449 635 596 612
(40)-TeCB 156 155 174 156 147 153
{63y TeCR 78 786 571 799 76.1 76,8
(743 TeCH 3449 3540 ELT 358 3440 345
(76)-TeCR 450 482 500 472 416 456
{70)-Tell3 484 483 532 484 472 4T
(36,60)-TeU'B 378 300 417 190 371 378
{(77)-Tel’H FOH i3 120 113 148 111
{91}-PeCB 41 .6 42.7 46.5 42.0 40.7 40.4
{84 }p-PelB 4.3 652 71.6 615 627 61,8
(101,31 3PeC 115 122 125 119 114 110
{(ON-FeCB 1.6 748 79,7 721 TG G40
(119,11 2)-PeCB 11.2 HL6O 12.3 P13 1.8 0.5
(86,97 12%)-PeCB 471 4491 521 47.6 47.1 454
(R7, T E113)-PelB 50.5 6.8 64.6 56,7 559 544
(83)-PeCB 354 375 394 357 351 LY
{(110-P=CH 2135 246 261 238 234 230
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TABLE 4-3
DRUM-DRIED SEDIMENT PCB RESULTS (CONTINUED)

Analvic Sumple Identifcation
PCEs {Method 680) Rolloff #3 RollofT #4
{np/gd A B C A B ¢
(82)-PelB 234 256 26.7 242 24.7 239
(123)-PeCH AL <365 g2 <38 130 =233
118-PeCB 120 136 135 128 127 121
{111) PeCR 745 =R 04 w3 74 <2 65 =7 6R =2 33
(136)-Hx 3 13.0 14.6 4.2 144 13.1 127
{151)-HxCB 16,5 17.2 188 PR 17.0 16,0
(135)-HsCB 13.2 ¥4.7 171 13.5 12.% 12,9
(139, 1449)-Hx OB 57.3 619 613 50.7 58,5 55.8
{146,161)-HxCB t5.7 16,3 16.6 16.2 15.2 15.3
(132),153,(16K)-HxCB %48 92,3 ul3 9.1 86.7 4.1
{1413-Hx(CB 113 11.5 =11.5 11.2 X3 111
(137)-HxCR 3.6 =2.61 <275 2,91 =3 .04 3.59
{138, 160)-HxCB 413 46.4 414 45,7 432 40.2
(1SR HXC 5.5% 736 6.6 560 7,25 5.67
{128)-HxCh 8% 8,08 587 =782 0,97 H35
{136)-Hx(CB 712 “2.61 =239 =205 VN = G4
(E70)-11pCTS 63 4,74 =300 w65 L) 1.37
(E78)-HpCh 4.43 5.15 =545 =4, 55 <550 4.64
(182, 1873-HpCH 20.5 284 29.5 287 2.7 261
{183)HpCB 104 12.1 =13.0) 1.1 11.9 10.7
(185)-HpCH <258 270 <2 90 =205 “2.68 «2.33
(174,181)-HpC b7.0 17.7 20.2 18.1 17.9 in.2
(177 HpCH <110 363 120 I SEX) 1140
{172)-HpCH 2,85 280 2,75 3.33 <2497 2.30
180,0193)-HpCB 43.2 484 <514 46.9 44 6 435
(17 190)-HpCB 18.8 282 214 20 19.6 19.3
{196,203)-0cCB 520 878 =112 Ly 878 %14
{208)-Nol’B <2 5% =361 2.98 <2 65 3.51 =233
206-NoCH 6,24 7.44 813 6,98 6.38 5.87
208-DeC 274 =38l 3.5 2,91 SRS A
PCBs (Method 680)
Congener sum (ng/g) 22,800 21,700 25,000 22500 26,500 21,700
MNotes:
ng/g = Nanogram per gram
PCRs = Polychlorinated biphenyls
ND = Not detecied; analytes were bess than detection Hmits of laboratory instruments. Laboratory

did not specity detection limits.

POB congeners fess than detection Hmits in alf saraples are not included in this table. Fora complete list of these

analytes, see Appendix A,
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4.3.2 Melter

The melter-phase of the demonstration was conducted at Minergys facility in Winneconne, Wisconsin.
The pitot-scale melter (glass furnace) was built 1o produce 2 tons of glass agpregate per day. The melter
was designed to ran on an oxygen-and-natural-gas mixtare to burn more efficiently and produce higher
temperatures, which should result in lower emissions of nitrogen oxides in the furnace flue gas. The
melter was built with refractory brick that was selected based on an analysis of heat flow and the bricks’
ability to cope with the corrosive qualities of molten sediment. The retention time of sediment in the
melter was 6 hours, after which the molten sediment flowed from the melter into a water-quench tank.

The molten sediment quickly cooled and eracked, producing a black glass aggregate product.

4.3.2.1 Melter Feed Dry Sediment

The drum-deied sediment was divided into 50-pound plastic bags for handling and tracking purposes.
The dried sediment was fed info the melter at a rate of 200 pounds per hour over a -day period. Lried
sediment was sampled every 15 minutes {once per 30-pound bag) as it was entering the screw fecder. A
4-punce sample was collected from the bag and was placed in a disposable aluminum pan to be
composited with other grab samples collected over the 6-hour sample collection period. Upon
accurnalation of all grab samples, the composite surnple was mized, using a uvaningrand-guartering

technique. Analytical samples then were collected from the mixed composite sample.

Composite samples, analyzed for both the Wisconsin State Laboratory of Hypiene Het of PCR congeners
and total PCBs by EPA Method 680 (EPA 1985), are listed in Table 1-1 of the QAPP (EPA 2001). Total
PCB results, caleulated by summing the concentration of homologs, ranged from 21,500 to 30,900
nanograms per gram (ng/g) (21.5 to 3.9 ppm). Table 4-4 contains analytical results from those

composite samples of sediment.

The concentrations observed in the dried sedimest are similar to concentrations observed in dredged-and-

dewatered sediment samples.
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TABLE 4-4
MELTER FEED DRY SEDIMENT COMPOSITE SAMPLE RESULTS

Analvte Sample Ldentification
PCRs (Method (680)
(ng/g) M-5-01 M52 M-5-3 M-5-04 M-8-03 M-8-06
{1)-MoCB 990 E 77.2 7Y 923 627 51.7
{4, 1-MCH A5 T 403 B 446 E 418 E IS5LE 287 E
{9, 7)-In B ik 1049 117 E Hy7 ob 4 70,5
{0y-DHCH 1170 E T 4308 123 F 1070 F 1,030 B 70 L
(5,8)-DiCH 1.330 K 1,200 B 1420 1,206 H 1,190 F g2 E
{19-TrCH j82 1 174 E 187 E P73 E 162 F 121 F
{18y Tl 1,240 P70 E 1,960 F 1,730 B 1,720 L 1,270 1
FHTRCBY LORD E 1040 E L0 L L0 E Q86 L 729 E
(27,24 TriCl 232 F 228E 241 E 219 : 215 158 |
{16,32)-Tni1 1,360 5 1,340 & 1430 F 1290 E 1,290 12 G50 B
{26,25)-TrnB 1,300 1 2,290 1450 E 21308 2180 L 1,590 F
(28,31 )-TriCCH 6.0%0 b 0,290 B 6,020 F 0,060 E 6,210 12 4 580 F
{21,33,200-1108 G677 E 93 B 737 B 656 F G6H E 403 K
{(22)-TriC'H 703 & 724 B 744 E 665 E 687 E 509 E
(37)-TriCH 458 E 477 F 404 1§, 430 K 457 B 341 F
{5:8)-Tet R 211 E 2101 219 I M2 E 204 K 147 B
(45)-TeCH 27T E 2158 225°F 208 F 209 E 150 F
{46)-TeC B 84,3 83,7 ®6.5 815 817 40,7
(43),32-TeCH 1240 B 1,200 L 1,300 | 1,180 § 1,220 10 371
{49)-TeCRB 947 F 1,010 F 1040 8 962§ 095 | 704 E
{4748 75)-TeCB LR lo E 531 L 481 [ 497 E 369 L
(4)TeCH 907 [ DO E 1.040 084 B FrENE HU8
(39,423 FTeCB 427 432 F 432 1 301§ 414 B 305 £
(41,71,72)-TeCB S48 K 340 1 568 E 5328 546 B 82 E
(64 68T 753k 764 L 784 B 708 11 742 B 544 I
{4)-TeCR 199 F 196 T 204 E TRE E 179§ 133 &
(65-TelH 94 .4 068 90 4 B9 9 93.9 67.8
{74 TcCB 417 B 428k 436 304 1 421 & 304 L
(70)-Te B 639 b 630 E G489 B 573 a8 B 450 E
(66,800 TelB 488 T 514 K 520 493 | 493 M1 E
(56,60)-TeCB 446 L 461 E 468 F 428 I 446 I 330 E
{(77)-TeCBH 160 & b5 I 128 | 131 E 136 [0 1M
(91)-PeC’B 49,2 49 4 S0.3 46.8 48.6 345
(54 Pel’B 50.3 53.9 46.% 467 a1 36,1
(101, E3)-PeCB 148 £ 151 F 153 1 140 F 149 & 107 F
{99)-PaCB §2.8 54,5 839 TH.& 834 59,5
(119,112)-PeCB 12 4 126 125 lg;l 11,7 026
(86,97.125)-PeCB 53.0 86,4 A6.1 52,0 513 39.6
(87,111, 115)-Pech 775 66.4 #0).6 653 65,8 564
{85y PeC 39.2 40.5 40.7 38,3 380 28.5
{110}-PeCi 2B 283 B 2H9E 265 277k 201 E
(8)-PeCB 272 313 242 27.1 27.1 2005




TABLE 4-4
MELTER FEED DRY SEDIMENT COMPOSITE SAMPLE RESULTS (CONTINUED

Analyte Sample Fdentification
PCBs (Method (680)

(ng/p) M-S.61 M-5-02 M-5-03 M-5-04 M-5-05 M-5-06
{107)-PeCl3 5.2 =414 P =3 HR P <4 77 <421 P Ay
{123} PeCl3 “ria P «22.6 P =211 P NN <97 P 14
{118 PeCH 148 1 151 B 155 [ 139 F |48 B 108
(136)-Hx{B =1.36 =139 14.6 13.2 14.6 HI7 &
(151 -HxCH F7.8 15,3 19.6 7.2 17.9 14.3
(135)-Hx OB =136 13.9 10.8 14,9 13.6 c:!;;b’”/

(139 149%Hx (B 5840 620 652 562 6LY 46.1
({46,161 HxCB 15.5 15.6 15.5 i4.1 <1.3% 12.7
(132,197 16M-Hx(H U() G Ui Q5 5 BT ()5 °70). 0
{F1N-HxCB 1.5 <] .31 <08 P 1414 =1.35 1,27
(137-HxCB 3144 <3000 “272F 1,39 =1.33 «<],27
{138 160)-HxCH 34.6 338 325 44 .{) 46.7 35.5
{158)-HxCB 407 414 477 <139 <«].35 <127
{176)-HpCR =3 35p 3.64 1.89 3.16 258 2.34
{1783-HpCH 4.23 4.5 4.74 4.04 =1,34 3.27
{182 187)-HpCB 26 8 28.4 286 2549 <1.35 204
{183)-HpB =112 P 11.4 i249 10.7 1.9 875
{185)-HpCH 215 227 =l 4t P 1.78 <}.35 <].27
{174,181)-HpC13 18.9 17.8 18,8 16.4 17.2 13,6
(177)-HpCh <1,%6 <}.39 12.4 10,8 =133 .50
{171 HpCH =136 =1 30 2 86 2.60 <1,35% 246
(IR0 19V-HpCR 487 46,1 a6L5 44.3 <1,35 374
{170,190-HpC' B =208 P <139 214 18.6 =1.35 154
(2023-0eCB =1.36 1,30 201 2.04 217 1.48
{196, 200)-0cCRB <1,30 824 541 767 7.87 0,13
(208)NpCB <1.36 =1,39 <225 P 2.00 2.15 <1.27
(206)-Nat"B 742 Hh.77 H,949 .30 727 591
(200-DeCH 285 10.6 3.22 1,96 3430 2.23
Total PCBs (homolog sum)
(ng/y) 29,700 30,960 3,50 26,200 20,100 21,500
Metals (‘mg/k!!.) M-S M-5-02 M-5-03 M-5-4 M-5-015 M-5-06
Arsenic 7.3 8.0 8.1 8.5 <549 <33
Barium 96 54 w3 94 23 R7
Cadmium (180 (.43 .90 (0,90 (.85 0,973
Chromium 39 37 38 39 36 37
Mercury (.68 {1.57 0.70 .64 (.76 {1.66
Fead aY (13 oY 87 6% e
Seleniym 10§ 6 ) 6.5 6.7 <39 =55
Silver =33 <23 <23 =23 <24 =22
PODIVEs (ppie) M-5-01 M-5-02 M-5-03 M-5-34 M-5-05 M-8-06
2.3 TR-TCDD 14.5 28,0 12.8 13.4 52,8 18.9
1 M."fﬁ-?’e(ﬂ[ﬁ)[) 29.5 41.0 27.6 29.5 93.6 49.0
1,2,3.4,7 8-HxC DD 234 240 243 234 241 235
1,2,3,6,7.8-HxCIDD 294 251 284 262 289 314




TABLE 4-4
MELTER FEED DRY SEDIMENT COMPOSITE SAMPLE RESULTS (CONTINUED)

Analyte Sample Identification
PCDIVES (pgfg) M-5-01 M52 M-5-03 M-5-(4 M-5-05 M5-06
1,237 8 9 Hx O 107 7 140 125 212 152
1,2,3.4,0.7 8-HpCDD 9330 9,94{) 0,870 0,130} 8.880 8470
QCTHD 56, 5(0) 63,100 67300 (2300 21,000 48,500
2,37 B-TCRE 03.4 66,3 6G3.0 ol).58 5.9 81.6
1,237, 8-PeCIIF j4.0 18.1 £7.6 16.0 14.3 19 8
2347 8-PeCIH 2872 32.0 351 347 4.8 394
1.2,3 4.7, 8-HeCDF 27.1 28.9 31.3 291 20,2 4.0
PCRDS/PCDES
{Method 82940) M-S0 M-5-02 M-5-03 M-5-04 M-5-05 M-5-06
(pa/z)
1,2.3,6,7,3-Hx O 259 26.3 287 27.6 289 304
©2.3.4.6,7,8-HxCDF 41,7 453 42k 40.5 34.6 Hhi.2
1,237 8.9-HxDF 4,57 <4 67 4,49 =4, =420} 4.31
1,2.3.4.6,7 8-HpCDF 622 T30 634 623 (20 546
1,2,34.7,8.9-HpDF 209 20,5 28.5 22.3 228 21,8
L 1,330 2,190 1,640 1,580 1,370 1,220
Fotal PCDDSPCDEs
(hﬁm(;;::’i)mm” 161,060 HLOGO 115,000 106,000 17,000 168,000
SVOCs (p.g/ 1) M-5-01 M-5-{2 M-5-03 M-5-04 M-5-65 M-S-66
Fluoranthens <190 <19} 2701 <} e —
Pyrene - 1) < [0 300 1 < § () — -
Benzo(a)anthracene <190 =i 244 ) <149} - o
Chrysene <190} = G} 280 <154} i —
Benzo(h)lroranthene =} 00} =1 Q) 340} < {0} - -
Benzo{k){Tuoranthene =<E90 <90 1901 <100 - -
[enzola)pyrene =190 <100} 270 ] <190 e --
Total 5V OCs -] 06 <184 1,800 =19 — e
Vs (pm) M-5-01 M-5-02 M-5-03 M-5-04 M-5&-15 M-5-06
Acetone 840 6H3() 33N <5.7 s —
2-Butanone t50 130 150 =57 - -
Tatal VOUs LK) gl 480 <57 -- e
Maotes:
mg/g = Milligram per gram
Tt = Nanogram per gras
pr/e = Pleogram per gram
sk = Microgram per Kilogram
pe/l = Microgram per liter

PCRs - Polyehlornated biphenyls

PODDS/PCDFS - Polychlorinasted divenzodioxing/Polychlorinated dibenzofuring
SVOCs - Semivolatile organic compounds

- Volatile orgaitic compournds

o fatimated Value, Concentration above Upper Calibration Range.
2 etimated Maxinun Possible Concentration.

1= Estisnated Value, Concentration Below Lower Calibration Range,
NI2J = Egtimated nondetect. Low MS/MSD recoveries

P e Mot detected at raised detection limit Jon ratio 35 soncomphiant, Equivalent o EMPC,
o Wt sampledPCB and PCDI/PCDF congeners, SVOCs, and VOCs less than detection mits in all samples are not inciuded in
this tabde. For a complete st of these analytes, see Appendix A

54



Metals
Dried sediment composite samples were analyeed Tor the RCRA metals (arsemie, barmi, cadmiwm,
chromium, lead, mercury, selenivm, and sitver) by EPA Methods 6010B/7471A {EPA 1996). These

results are presented in Table 4-4.

Mercury was considered a eritical metal for this evaluation. [t is consistently observed at concentrations

of about 0.72 mulbigrams per kilogram (mu/ke) (0721 ppm) in all pre-meltcr sediment samples.

Dioxins and Furans

The six composite samples were analyzed for dioxing and furans by EPA Method 8290 (EPA 1996). The
results are presented in Table 4-4, Total dioxins and furans concentrations, calenlated by summing the
concentration of homologs, ranged from 161,000 to 168,600 preograms per gram (pg/g} (0.101 to 0.168

PRI,

Toxicity Equivalents (TEQs) are used to assess the risk of exposure 1o a mixture of dioxin-like
compounds. Because dioxing differ in their toxicity, the toxicity of each component in the mixture are
accounted for in estimating the overall toxicity. To do so, toxicity equivalency factors (FEFs) have been
developed that compare the toxicity of different dioxins. Given these TEFs, provided in EPA Method
8290, the toxicity of a mixture can be expressed in terms of its TEQ, which i5 the amount of 2,3,7,8-
tetrachlorodibenzo-p-dioxin it would lake 1o cgual the combined toxic effect of all the dioxing found in
thay mixnare. TEQs were not agsessed as part of the GFT demonstration evaluation, All of the TRQs
observed exceed the Ageney for Toxic Substances and Disease Registty (ATSDR) screening level Ull‘ﬁ()

parts per trillion {ppt).

Four composite samples of dried sediment were cotlected and analyzed for SVOCs by EPA Method
R2700 (EPA 1996), The resulting SVOU concentrations, analyzed by EPA Method 82700 (EPA 1996)

arg Hsted e Table 4-4.

Total SVOC concentrations observed in dried sediment composite samples were generally small (below
detection limits in most samples), ranging fom fess than 190 to 1,890 micrograrms per kilogram (ug/kg)

{0.190 10 1.89 ppiy),



Four composite samples were collected and analyzed for VOCs by EPA Mothod 82608 (LPA 1996). The
resylts of VOO analyses are listed in Table 4-4. The only VOCs observed were acetone and 2-butanone,
which are suspected laboratory aifacts, Acetone and 2-butanone are typically used by laboratories to

clean equipment.

4,3.2.2 Flux

One composte sample was collected from the sodiurs sulfate Qux matertal and analyzed for PCBs by
EPA Method 680 (EPA 1985). Total PCB results are reported in Table 4-5. PCBs were detected at a

concentration ol 0.79 ppun.

4,3.2.3 Glass Aggregate Prodact

Molten sediment exited the melter into a water-quench tank, where it cooled quickly and shattered into
small pieces. This glass aggregate product was removed from the water-quench tank by a screw conveyor
and discharged into 55-gallon drums. The aggregate was produced at a rate of 170 Ib/hr (77 kg/hour)

over the demanstration period.

The screw-~conveyor discharge was sampled every |5 minutes for six hours. These samples were
composited in a disposable aluminum pan, Analytical samples were coblected Tom U mixed composile
sample., The following sections detail the results of the laboratory analyses of the composited glass

gperepate product smoples (agpepate).

Composite glass samples, analyzed for both the Wisconsin State Laboratory of Hymiene list of PCB
eongeners and total PCBs by high-rezsolution EPA Method 1668 (BPA 1997), are listed in Appendix A.
Total PCBs, caleulated by sumuming the concentration of homolops, were reported by the laboralory and
ranged from less than 26.0 to 1,240 pp/e (2.60 x 10 to 1.24 x 10 ppm). The analytical results are

shown in Table 4-6,
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TABLE 4-5
FLUX MATERIAL SAMPLE RESULT

Analyte Sample Idemntification
PCRs (Method 080)
{pi/u) M-F-01
8-DICKH 30,7
R {30 TriC B 33,3
(26.29). Tn{B 271
3-TnCB 61.2
(200, 28-TriCH 0.5
52-TeC R 37.2
49.60-TeCR 227
4447 (05)-TeC B 28.3
200-DeC 27.0
Total PCBs (homolog sum)
{ pq!g) 70
Metals (mpflp) M-F-01
AFSErnc =50
Baritm =().50)
Cadmium <0).50)
Chromium =40
Lead 5.0
Mereury N
Sclenium 5 ()
Hilver 2.0
PCRDs/ICDES (pg/s) M-1-011
1,2,3.4.6,7.8-HpCDD (1,039
QCDD <73 51}
QCDF (), 308
Total PCDD/PCDES (pg/e)
{ hmnulug suin) 507
SVOCs (u/kg) M-F-01
Jotal VLS <174

= Milligram per kilogram

Ficogram per gram

- Microgram per kilogram

PCBs - Polyehlorinated biphenyls

PCRDS/PCDES - Polychlorinated dibenzodioxing/Poltychlorinated
dibenzofurans

SVOCs - Semivolate organie compounds

PCR and PCHID/PCDEF congeners, 3YOCs, and VOCs fess than
detection Himits in al samples are not included in this table. Fora
complete Hist of these analytes, see Appendix A,

Subtotal consists of the sum of the congeners investigated,

Fotal PCE and PCDEVPCDE values provided by the taboratory.
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GLASS AGGREGATE PRODUCT COMPOSITE SAMPLE RESULTS

TARLE 4-6

Analyte Sample Identification
PCBs (Method 1668)
(pp/p) M-(3-01 M-(-02 M-G43 M-G-04 M- -5 M-G-06
(0)-IDHCB <257 <260 =250 =242 <24 .4 41,9
2-DICH 494 26.0) =280 <24 2 <245 40.8
18,(30)-TrHCR 426 2240 26,0 <24,2 <25 36,1
{26.29)-TnCH 32.7 24.4) =280 24,2 245 =250}
3T 108 <260 =250 74,2 3.4 53.8
(200, 28-Tr(’ B 146 <2 60,0) 26,3 x4 2 182 62.7
22-TriCHB 282 =26, =25 () =242 70,2 =250
Y7-TriCB 34.6 <2060 <25 4) +24.2 84,3 <250
(45,51) Te(lB 287 26,03 w250 =24.2 24 .6 w25 )
40.(69)-TeCB 47.4 260 =250 242 739 258
44 47 (65)-TeCH 9.6 26,0 <28.0) <242 118 350
(40, 71)-TeC'3 2649 <260 w230 =24 ? 70.2 =25 ()
a4-TeCRH <25 7 <26.0 “25,0 <24, 62.3 «J3,0
{61),70,74 (70)-Tel B 517 26,0 =250 24,2 HL =230
GéTe 13 4317 <26 1) =35 ) w4 9 125 =325 ()
A6 TeC <257 =26.0 <15 0 =242 743 =25.0)
Hl) . aN) =260 <2510) =242 3.4 «25.0)
77 Te(F “ 257 =260 =25 1() =242 20,6 =25 )
(85,1 16%-PeCB I8 R <260 =250 <242 29,2 <254
PCBs (Method 1668)
{n/e)
Total MCBs 7940 <36,0 58.1 26.5 1,240 45
Metals (mp/kg)
Arsenic w2 =51 <5 .10} «5.0 =50 <5 ()
Barium 130 320 32} 2334 350) 320
Cadmium (), 57 {3, 50 13,50 <{}.5{) =€), 50) ~2{).5()
Cheomium 30 48 46 44 5% 52
Lead 12 12 I3 16 16 14
Mercory =1).26 =(), 25 0,28 <(3.25 (3,25 (), 25
Selenium 92 5l 8.1 7.7 =5 0 <5 {}
Silver =21 =20 =2 0 =20} =24 {} 2 0
PCDDS/PCDYS
{Method 82940)
{pg/e)
1,2,3,7.8-PeC 1D <1151 0173 A <), 165 (). 189 — -
1,237 8-PeCDF <1068 0,149 A <) 820 =011 -- -
23,47 8-PeC M (L0608 0.125 A <(3,0806 (). 108 -- -
Total PCDDs/PCDEs
{hormolag sum)
(pg/z)
Total PCDD/PCDFS 2.0 3.77 .93 1.77 - -




TABLE 4-6
GLASS AGGREGATE PRODUCT COMPOSITE SAMPLE RESULTS (CONTNUED)

Notes:

mpfkg = Milligram per kilogram
pe/e = Picogram per gram
PCBs - Polychlorinated biphenyls
PO - Polychlorinated dibenrodioxins/Polychlonmated dibenzofurans
SVOCs - Semivolatile organic compounds
Wls - Volatile orpanic compounds
stimated Value, Concentration Below Lower Calibration Range. Values above EIN. were used to caloulate

Sstimated Detection Limit
Fstimated Value, Concentration Below Lower Calibration Range,
Mot sampled
PCEB and PCBRD/PCDF congeners, SVOUs, and VOUs less than detection limits in a1l samples are pot included in
this wable, For a complete Hist of these analytes, see Appendix A,
Subtotal con »f the sum of the comgeners investigated.
Totat PCB and PCDIYPCDF values provided by the laboratory.
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Mainly tri- and tetra-substituted congeners were detected in the glass aggregate product compeosite
samoples. The highest concentrations found were the congeners 2,3, 3-trichioro biphenyl and 2,4,4'
trichloro biphenyl {coeluted and reported as (20),28-TriCCB) | which was detected at 146 and 152
picograms per gram (pp/e) {1.46 x 10 % 0 1.82 x 10 ppm) in samples M-G-01 and M-G-05,

respectively.

Minergy has included, in the Vendor Claims appendix of this ITER, additional miormation about a

toxicological report.

Metals
The mlass appregate product composite samples also were analyzed for the eight RCRA mietals by EFA

Methods 6010B/7471A {(EPA 1996). The results are shown in Table 446,
Barium (320 to 350 mg/kg {320 to 350 ppm]) and chromium (48 to 53 mg/kg [48 to 53 ppm|) were
consistently obscrved in glass aggregate product compaosite samples. Meroury concentrations were all

helow detection Homts,

Dioxins and Furans

{ilass aggregate product samples were submitted for analysis o dioxing and furans by EPA Method §290

(EPA 19961 The results of the dioxing and farans analbysis are detailed i Table 4-6,

Total dioxin and furan concentrations, calcilated by summing the concentration of homologs, ranged
from 1.77 to 3.77 pefe (177 10 to 3.77 x 14 ppm). TEOs are used Lo assess the risk of exposure to
a mixture of dioxin-like compounds. All of the TEQs observed in glass aggregale composite samples are

well below the ATSDIR scecening level of 50 ppt.

Minergy has included, in the Vendor Claims appendix of this ITER, additional information about a

toxtcological report.

SVOCs
Composite samples of the glass aggregate product were collected and submitted for analysis of SVOCs.
The resulting SVOU concentrations, anatyzed by Method EFA 8270C (EPA 1996), were all below

detection limits,
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VOCs
A glass aggregate product sample was collected and submitted for amatysis by EPA Method 82608 (EPA
1996) of VOCs to verify that PCBs had not been braken down into VOCs in the glass. None of the VOC

analytes was detected above detection limits,

4.3.24 Melter Fiue Gas

As the PCB-contaminated sediment entered the melter, PCDs were removed or destroyed m the furnace
atmosphere, wiich reached a temperature of about 1,600 °C (2,900 °F). The melter flue gas was sampled
to evaluate the effectiveness of the furnace in destroying PCBs and other organic contaminants, such as
dioxins and [urans and SVOCs. A water-cooled probe was inserted into the melter Hue to extract a
porlion of the flue gas for sampling, The flue gas was sampled after its temperature was reduced from

1,600 "C {2,900 “F) to about 200 7C (400 °F),

Several samples were collected for analysis of PCBs, mietals, divxins ad furans, 3V0Cs, VOCs, and
HCHCE,. Depending on the analysis, the melter flue gas was sampied for various durations using sample
trains specific to each method and parameter. The sample train apparatus from cach sample was then
recovered, and the samples were sent to a laboratory for completion of the analysis. The following
scctions detail the results of the laboratory analyses of melter flue gas samples,

PCBs

PCT analytical results determined by high-resolution EPA Method 1668 (EPA 1997) were reported for
individual cangeners on the Wisconsin State Laboratory of Hygiene Jist, Total PCBs, caleulated by -
summing the coneentration of homologs, also were reporied by the laboratory. Total PCB results from
the air samples ranged from 16.4 to 130 nanograms per dry standard cubie meter {ng/dsem) (5.54 x 10" 1o

1.27 x 10 ppm). Table 4-7 contains the analytical results from the melter fue gas air samples.
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TABLK 4-7
MELTER FLUK GAS SAMPLE RESULTS

Analyte Sample Bdentification
FCBs (Meothod 680)
(ng/dscin) Run #1 fun #2 Run #3 Run #4 Run #3 Run #6
1-MoC B .06 0.576 (), 308 (0.516 (383 (707
()-IHC T 2.19 1.34 0,600 1.08 (), 228 =(0.226
{7)11CH 3,531 0.324 ~={}, 2349 {1,254 <), 224 <), 226
{6310 (0,85 339 .95 2.08 1.21 2.75
#-[nCH 7,85 4.11 2.48 2.41 1.53 3,50
(1M-TriCH 1403 {}.4440) (.279 1,308 <().22% 0,422
18,(30-TaCR 14,1 5.13 303 318 1.B8 3.82
(17Tl B 6.26 248 1.24 i.44) 0.774 1.62
(27-TrCB 1.43 0452 (0.255 0.261 ={), 228 0.307
(24)-TriCB 2.84 i.16 (1.649 <()1.678 11,455 {1542
{20, 29-TrlB 7.14 2.16 <119 =13 <A} 742 <1,49
(20-TrC B 4,99 1,49 (0.825 =), 805 (L5283 1,06
31-TrCh 13.4 4.64 255 2 }.7% 3.0
{20y, 28-Tn( B 13,2 4,71 2.60 282 R3] 321
(2N.33-TriCB 222 1.47 {.647 .736 {1.638 (.750
22-TrC’ B 3.01 1.3R (.728 ().775 (0,547 (1847
37-TrR ().94% 0,866 (0,332 0.370 {3,246 04i3
(50,53)-TeCH 2.74 0,645 ().374 0.421 (.291 (0.356
{45,51)-TeCH 3.40 (0.534 ().530 (.583 (417 0.476
{16)-TeCR 0.930 01,254 <) 73R ={) 2711 <) 278 <{).226
52-Tel 13 8.73 2.66 w134 .66 120 =143
44 (69)- 3 5.46 1.649 {1,866 E.04 (),734 0928
{48y Tel 13 =().245 (1.336 <) 23K <{).231 «:5(')&23 = (1226
44 47.065)-TeC T3 7.22 247 1.30 <1.52 114 1.39
(59.62,75)-Tet 13 < (), 245 (1,341 <), 238 =().231] <228 =(1.220
(a0 71)-Tef 1 224 1.08 ().50°2 (.571] 470 (.571
64-Te( B 1.80 {1842 (.42 0.484 0.403 {1.458
(611,70, 74,(76)-TeCR 2,25 1.29 (716 «().747 ={), 6549 ()64
66-Te( 1 1,13 (1.646 .377 01,377 {3,387 13,341
56-Te(CB (3,448 (.384 <), 238 {23 (1,228 {1,220
T7-TeCH {3,308 0.317 (1354 .319 (1.228 ={}, 226
#4-PeCR 13444 <{).242 (). 23% =}, 23] <0).228 () 226
90,101,(113)-PeB (1L866 0,571 (.312 0,303 <().228 (0.348
BO87.97,(108),119,(125)- 0,729 1242 .296 0,303 (319 1.246
Pe(Ci
(§5,116)-FeC'B 1.06 0,706 {1394 (1.368 <f}. 228 =().226
110-PeC3 <{).245 <),242 ={), 238 <().23] 0.276 £.273
118-PeCB 0,401 1.351 4], 238 {1231 <), 228 <1226
(147, 149.Hx OB 0,286 <) 2472 T «f),231 =228 =), 226
(1293, 138,(163)-HxCh 0,320 {.281 (), 238 <().231 =), 228 0,226
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MELTER FLUE GAS SAMPLE R

TARLE 4.7

ULTS (CONTINUED)

Analyte Sample ldentitication
Metals
{pp/dsem) Rup #1 Run #2 Run #3 Run #4 Run #5 Run #6
Cadminm <1 W) =) 5K} =1 KN =2 | 32} s .
Chromium (Totab) <10, < 13,004} =0, 50H) =5 460 — —
Lead =4 501,00 =4} () <2 1,000 <26, 200 e P
Mercury <3200 <2 KO0 =1, K00 =8 90() — o
Selepium < 149, () = 26,000 < 18,000 =13,200 — —
Silver <1 S0} <3, 1{}) = 1,900 =2,320 - -
PCDD/POCF
{Method 829}
{ng/dscm)
2.3, 7.8.TCDD (LO0Y EMPC0.012 EMPC ] <0.0038 <), OHIRT <3006 =0,0024
1,2,3,7.8-PeCDI) 0015 0.047 0.312 0,028 (3.007 (.004
1,2.3.4.7 8- Hx (DD 0019 0.044 .02 0.021 Q.006 0007
1,2.3.6,78-HxCDD (L0157 .131 0.043 084 0.023 0.026
1,2,3,7.8 8-FHxCI (LO2 0.065 0423 0.071 0.014 0.014
1,2.3.4.6.7 8-HplD 0.531 0,624 0174 {).208 0.042 115
OCDD 0,883 0.723 0.170 (L218 <4}, 10 =412
2.3.7.8-TCDE (1,022 0.100 (0.02% (1034 <1} 0.013
1,2.3,7, 8. PeCDF 0.030 0.158 0.035 {1054 0.017 0.021
2,3.4.7.8-PeCDF (1056 (.222 (0.030 £.070 0.022 (.026
1,234 7 8-HxCI¥ (3,073 (1.271 0.067 LI15 0.037 0.049
1.2.3.6.7 8-Hx{DF 0.060 0.186 ().047 {1.072 0.024 {.029
23,467 8-HxCDF (1081 ).162 0.034 0,046 0.017 0,016
1,2.3.7 8 D-Hx ¥ 0,025 (1.0a7 (1014 .020 0.007 0.007
1,2.3.4.6.7 &-HpUDF 0.274 (.531 0.132 (.227 077 (188
1.2.3.4.7.8.9-HpCDF (L.037 0.069 0.016 0.423 0.011 0.012
OCDE {).242 (3,239 (LOTH 0106 0051 0.077
SYOCs (np/dsem)
Renzoic Acid 143 (M0 140 6} - — — -
Bis {2-ethylhexyl) - - - s
phthalate 22,000 3,59t
2-Methylphenol 5020 3,590 — - n -
4- & 4-Methylphenol 3,860 3,590 - — — —
2-Nitrophenol 4 630 4 31} o - - -
Phenol 1720 3.39¢) - - - v
Total SVOCs 186,000 159,000 — e - s
VOCs (ng/dscem)
Bromomethane 46,5 18.6 a e e -
Clarbon Disulfide 14.0 344 — s - i
Methylene Chiortde 17.3 10,8 - — — —
Benzene 1837 18.7 s e -~ e
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Toluene 146 LI i — o s

Total VOC's 242 191 — o — —
Analyte Sample dentification
Run #1 Run #2 Run #3 Hun #4 Run #5 Run #6
HCYCL (pp/dsem)
HC 54,610 140,000} 27,600 37.300 - e
Cl, 4,350 LRE] 37.900 137 wa -

Motes:

{1, - Chlonine

HC1 - Hydrogen chloride

pa/dsem = Microgram per dry standard cubic meter

ng/dsem = Nunogram per dry standard cubic meter

PCRs - Polychloninated hiphenyls

PCDIN/PCRFs - Polyehlorinated dibenzodioxing/Polychlorinated dibenaofurans
SVOCs - Semivolatife organic compounds

Vs - Volatile organic compounds

“stimated Maxitum Possible Concentration,

- Not sarnpled

POCB and PCDEDYPCDF congeners, SVOCs, and VOCs fess than detection timits in all ssmples are not included in
this table. For a complete Hst of these analytes, see Appendix A,

Towl POB and PCDIYPCDE values egual the sum of the congencra invoestigated,
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Melter fhie pas samples were analyzed for RORA metals by Methods 6010B/747EA (FPA 1006).
Individual metals were anabyzed, and their resulting concentrations observed in the flue pas are detailed in

Table 4-7,
Metals concentrations in the melter flue pas samples were all below detection Hmits.

Dioxing and Furans
Melter flue gas air samples were submitted for analysis of dioxins and furans by EPA Method 8290 (EPA

1996), Results of the dioxins and furans analysis are detatled in Table 4-7,

Tioal dioxin and furan concentrations, caleulated by summing the concentration of homologs, for ar
samples collected during the demonstration ranged [rom 0.406 to 3.66 ng/dsem. (3.14 x 10" 10 2.22 x 107

ppi.

SVOCs
Alr sainples of melter flue pas were collected and submitted for analysis of SVOCs, The resulting SVOC

concentrations, analyzed by EPA Method 8270C (EPA 1996), are summarized in Table 4-7.

Two samples were analyzed for SVOCs. The resviting concentrations in air samples were 186,000 and

159,000 np/dsem. (L0342 and 0.0284 ppm).

Melter flue gas samples were cotlected and submitted for analysis of VOCs, Two samples were analyzed
for VOCs, and the resalting concentrations, which were analyzed by EPA Method 82008 (EPA 1994),

are stunmartzed 1n Table 4-7,

VO concentrations observed in the two air samples collected from the melter flue gas were 242 and 191

ng/dsem (7,43 x 10" and 6,17 x 10" ppm).



HCYCH,

Melter flue gas was also sampled for hydrogen chloride (HCI) and chiorine (C1), which were analyzed by
EPA Method 26A. The fue gas was sampled for HCYC, verify that the destruction of PCBs in the
furnace did not create other pollutants. The resulting concentrations of HCI ranged from 27,600 w0
140,000 ng/dsem (18 to 94 ppm). Concentrations of Cl, in the meler flue gas ranged from 137 to 37,900

nofdsem (<0047 to 13 ppmd. Table 4-7 contains the results of the HCYCL, analyses for four sampling

THIE,
4.3.2.5 Post-Carbon Treatment Flue Gas

‘The melier flue gas stream passed through a carbon filter unit prior to discharge to the atmosphere, This
stream was sampled afler the carbon filter to evaluate the effectiveness of carbon treatment, Three
samples of this stream were extracted into sampling bags and analyzed {ov PCB congeners,

PCDD/PCIDFs, metals and SVOCs. The results are reported in Table 4-5,

4.3.2.06 Quench-Tank Water

The quench tank was situated at the end of the melter furnace, beneath the forehearth, where the molten
sediment exited the melter. The molten sediment dropped into the quench tank, where it cooled
immediately into black glass and shattered into small pleces collectively called glass aggregate product.
The aggregate fell into a hopper at the bottom of the quench tank. The hopper was attached to a screw
conveyor, which lifted the agpregate out of the quench tank and dropped it into 55-gatlon drams. The
water level in the tank was maintained by a float valve that allowed water e the tank as the level was

reduced.

The quench tank was sampled from a valve installed on the tank deain. A 1-liter grab sample was
colleeted every half hour over the same 6-hour period, during which the glass aggregate was sampled.
Cirah samples were composited in a large, glass contamer, which was mixed upon collection of all grab
samples. Samples for laboratory analysis were cotlected by pouring the composited quench-tank water

into laboratory sample containers, Quench-tank water was analyzed for PCBs, metals, and SVOCs.
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TABLE 4-8
POST-CARBON GAS SAMPLE RESULTS

Analyte Sample Identifieation
PCI3s (Method 680}
{np/dscim) Run #1 Run #2 Run #3
1-MoC 1.1% =), 232 =), 0650
{(H-DiCR 4.9 0.781 <(),065()
{7)-1I0CH LA6E ={.232 ={). ()6 5
{6)}-11CH 808 1.60 {226
(53R -:{), 246 2.02 {10630
5-DiCR 887 1.97 (322
{1H-TrCRH 0,563 {123 <0.06350)
18,030-TrCR 8072 241 {1.362
{17)-TriCH 1.97 1.04 1.49
(27 -1Tr B 0722 =0).232 () 1650
{24)-TriC’B 1.68 {1.505 ().0839
(26,20-TrHCR 3.38 =().971 <{),133
(25)-TriCH 2.39 0.HGR ~ALDETH
ATk .51 2.06 =(),345
(203, 28-TriCH .86} 2.1% ={},371
{21),33-TriC13 1.40 (0.051 (147
22-17iC13 .67 {).580 0,112
37 TnCB ().488% {2609 =(,0630
{50,53)-TeCB (.927 0,334 =), Q650
(45513 TeCB 1.34 {1,468 0.0650
(46)-TeC {),355 «(), 232 <), 06350
32-Tel)B 3,43 <35 =), 245
49.{69)-TeCB 2.28 0,962 0.141
(483 TeCB {365 =(),2372 =0 0650
44 47 (65 TeCI 3,28 1.140 =0,324
(5962 73 -Te(hH (3,414 {3,232 =() (650
(40,7 H-TeCh 1.54¢) (0,941 0125
G4-Te( B 1.10 0.508 (.0800
{01),70,74.070)-TeC B 1.2} £.679 0.154
66-TeC 3 (1.628 {).360 {).OR91
56-TeC B 1.11 0.777 {117
0,101, (11 1)-PeCl (L5RG 0.267 =(), (i 50)
86 87,97 (108),119,(125)-
Pl <{). 246 0.311 =13, 0650
(45,116)-PeCR {1579 0.327 =(). (65
FE-PeC B 0,271 =4), 232 <().0650
{58-Hx(B 3,261 =0.232 <0.0650
Metals (uo/dsem) Run #1 Run #2 Run #3
Arsenic <1410 =1, 35H) =1.340
Bariufr =141 <15() <} 34
Cadmium =141 <134 =134
Chromium (Total) <281 =274 =268
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TARBLE 4-8
POST-CARBON GAS SAMPLE RESUCLTS

Anakyte Sample Hdentification
Metals (ug/dsem)
{Continued) Run #1 Run #2 Run #3
{oad = 1,410 <} 3090 <1,340
Mercury <146 =2.32 1.4
setenium <1410 21,390 <1, 340
Slbver <1141 =]30 < 34
PCTDS/PCIIFS
(M(Tfé‘?ﬁf;;m) Run #1 Run #2 Run #3
237 8- TCDD <11 (0232 <0.00705 =().00302
1,2.3.7 8-PeCDD (L0185 “0.00199 <0).00141
1.2.3.4.7 8-Hx (I} 000212 EMPC =(L{}}2213 =(1L00166
1,2.3,6.7 BuHx (I3 <1 {1286 =0 01283 ={) 272
1,237 8 9-Hx(:TH) <0 00180 (0.00121 < {00156
1,2.3.4.6.7 8- HpC R =872 <0012} ={).00%32
I <0, 0451 <1035 ={).0317
2,37 8-TCDF 1.00432 =001 18 ={1.O0205
1,4,3, 7 8- FPeC M “ULARE/ 34 =) 2T S L)Y BG
2,347 8-PaC M I ALERR ={).0074 {10094 |
1.2.3.4 7 8-HsCh¥ =109 12 ={).00620 =4 001 16
1,25 6,7 8-HxCDIE <{},00400 =1L 003325 0,00 109
2.3.4.67 8-HxCIN =436} 1 48 =6}, 000904 ={1,00121
1,2,3,7,8,9-HxCDE =0.00163 =41 000997 <{,00134
1.2,5.4.6,7 8-HpC DY =43, 0090 .03, 004 27 ) (283
1,2,3.4,7,8 9-HpCDI = {30207 =f1,00146 =T
QCDEF 1.0124 <41, (0306 <03 7
BVOCs (ng/dsem) Fun #1 Run #2 Run #3
Herroie Acid 3,220 23,900 6,410
Martos
pe/dsem = Microgram per dry standard cubic meter

ng/dsem = Manogram per dry standard cubic meter

POBs « Polychlorinated biphenyls

PODDS/PODFs - Polychlorinated dibenzodioxins/Polychlonnated dibenzofurans
SVOs - Semivolatile organic compounds

EMPC = Egtimated Maximum Possible Concentration.

POR and PCDD/PCDF congeners, 3VOCs less than detection limits in all samples
are pot meluded i this table, For a complete list of these analytes, see Appendix A,
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Ouench water was analyzed for PCB content to determine whether, as & waste stream, the quench water had
acquired PCBs from the molten sediment. (Quench-water samples were analyzed for both the Wisconsin
State Laboratory of Hygiene list of PCB congeners and total PCBs by high-resolution EPA Method 1668
(EPA 1997). Results of the PCB analysis were used in the evaluation of Primary Objective P1, and are

reported in Table 449,

Total PCBs, caleulated by summing the concentration of homologs, ranged from less than 0.500 (o 1,09

nanograms per lter (ng/L) (0.5 x 10 to 1.0% x 107 ppm}.

Metals
Quench-tank-water composite samples were analyzed for RURA metals by EPA Methods 60108/7470A
(EPA 1996). Individual metals analyzed and their resulting concenirations observed in the glass agpregate

product are detailed in Table 4-9.

All of the quench-tank-water samples exhibited minor detections of bariurm, but all other metals were below

detection Hnnts,

SV

Four samples of the quench-tank water were collected and submitted for analysis of $Y0OCs, The resulting
SVOC concentrations, analyzed by EPA Method 8270C (EPA 1996}, are summarized in Table 4-9. Cnly
one detection of a single SVOC, di-n-octylphthalate, was observed in sample M-QW-02, Phthalates are

sometimes considered (o be sotmmon laberatory or sampling contaminants.
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TABLE 4-9
QUENCH WATER COMPOSITE SAMPLE RESULTS

Analyte Sample Identification
PUBs (Method 1668)
{pg/z) M-OW-01 | Mow-02 { M-ow-03 | M-OW-04 | M-QW.05 | M-QW-i6
5-DiCH =500 .513 <500 =0, 300 =().500 (), 500
18.(30)-1riCh {1563 {1.574 <1350} {1,539 =}, 300} (3, 5600
Total MCBs (homaolog
SERHL) 0.563 1.09 <6.500 0.535 =0(.500 =(L.500
Be/e)
Metals (my/1.)
Arsenic <03, 10 {310 =), 10} ={). 1) =4}, 10 =), 10
Rarium {1,024 {035 0031 .03 (.01 <().01
Ciadimium =010 ()01 =)0 f). {4 =001 ={) {}1
Chramium ()02 =), (02 =02 ={) ()2 =6.02 <{3{)2
Meroury =) 0002 (3, 0002 <43.00072 =), ()2 () 0002 =) ({2
Lead <(0.10 (1) ={),10 =), 10 =) 1) =) 1{)
Selenium =010 ={), 10) <1310 =00, 10 (). 1) =f3, | {}
Silver <{r01 (). (H (101 (101 <{}{M (),
SVOCs (pa/L)
Di-n-octylphibatate 5.0 211 <40} <53 -- --
Total SVOCs =54 21} <5 {) =53 — o

Notes:

my/L, = Milligram per Jiter

pe/l

= Microgram per hter

FCBs - Polyctdoninaiod biphuaybs
PCODBS/PCHES - Polychiorinated dibenzodioking/Molycklorinated dibenzofurans

SVOCs - Semivolatile organic compounds

- Mot sarpplod
K
I

of these analytes, see Appendix A.

Samples were 0ot analyzed for PCDDS/POLES or VOCS.
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4,3.2.7 Cooling-Fower Discharge

As previousty described, a water-cooled air sampling probe was inserted into the melter flue to extract a
portion of the melter fhue gas for sampling. The temperature of the flue pas was reduced to 190°C {4007 F)
for sampling. ARer sampling, the Nue gas was further cooled using a cooling tower before it passed
through ¢arbon treatment. Because the melter was fired by natural gas, it was expected that the cooling
tower would generate water as the flue gas cooled and that it would need 1w be dramed periodically. In
practice, the cooling water in the loop quickly became acidic and degraded parts in the recirculating pump.
The system then was converted 1o a non-recirculating system, wherein fresh water entered the cooling tower

and was discharged to a drain,

Cooling-tower sarmples were collected from the dran during the seeond, fourth, and sixth sampling runs.
During the second sampling run, the cooling-tower system was configured as a recireulating loop, and any
contaminants in the water in the systemn were expecled o be more concentrated, During the fourth and
gixth sampling rung, the system was configured with fresh water, so the comaminants in the water were
expected to be more dilute. Cooling-tower-water samples were submitied to a laboratory for analysis of
PCRs, metals, and SV OCs. The samples were grab samples and were not collected over time for

COmPOSHITE.

Cooling-tower water was analyzed for PCR content to determine whether, as a waste stream, the cooling
tower water had acquired PCDs from the melter flue gas. Cooling-tower water samples were analyzed for
haoth the Wisconsin Stale Laboratory of Hypgiene list of POB cangeners and total PCHs by highe-resolution
EPRA Method 1668 (EPA 1997). The results of the PCH analyses were used in the evaluation of Primary

Objective PL, and PCE results reported in Table 4210,

Total PCBs, caleulated by summing the concentration of homaologs, in the cooling-lower-water samples
ranged from less than 0.500 to 7.78 ng/L (5.00 x 107 t0 7.78 x 10° ppm). The total PUB concentration in
sample M-CTD-02 was higher than those i other samples, Sample M-CTD-02 was collected while the
cooling tower was configured as a recirculating loop, and the water in the cooling tower was expected to

exhibit higher concentrations than water afler it was converted to use fesh water,
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TABLE 4-10
COOLING-TOWER-WATER SAMPLE RESULTS

Anpalyte Sample ldentification
PCBs (Method 1668)
(p/iz) M-CFR-02 M-CTH-04 M-CTH-06
B-DHOCH {.607 {3,500 =2() 50K}
18,(30)-TriCB (1.788 =0, 500 «().506)
(26.20-TrCH 0.712 (), 504 (), 500}
31-TrCh 145 =050 =13, 500)
(21, 28-TriC13 1.40 (). 500 =} 3{0)
52.Te(!B 110 (). 500 05158
496N Tel’B (L6353 (), 500 =) 50}
A4 47 (05pTelB 1.03 =(.2(H3 <0 5040
Total PCBs {all congeners) 7.78 ={), 500 .515
Total PCBs (homolog sum}
(pg/n)
Metals (mg/L)
Arsenic 1.63 <{), 10 <10
Barium (.082 0.026 <001
Cadmium (3.079 <{1.011 <01
Chromium 3.5 0.033 (.02
Mereury .12 £.0045 =102
Lead 59 (.28 < 16
Selenium 2.5 =10 <) 16
Silver ={).02 ()41 ={).04
MNotes:
my/L = Milligram per lter

pp/y ~ Ploogram per gram

PCBs = Polychlormated biphenyls

PCDDs/PCDES = Polychioninated dibenzodioxing/ Polychiorinated dibenzofurans

-- Mt sampled

PO conpeners and SYOCs less than detection limits in all semples are not mcluded in thes table. Fora complete Tist
of these analytes, sce Appendix A

Samples were not analyzed for PCRDS/PCDEs or VOCs,
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Metals
Cooling-tower-water samples were analyzed for the eipht RCRA metals by EPA Methods 60 10B/7470A
(EPA 1996). Individual metals analyzed and their resulting concentrations observed in the cooling-tower

water are shown in Table 4-10,

As expected, metal concentrations in the initial sample (M-CFD-02) were higher than concentrations in

subsequent samples.

SVOCs
Two samples of the cooling-tower water were collected and submitted for analysis of SYOCs by Method

8270 (FPA 1996). No $VOUCs were detected in either of the two samples.

4.3.2.8 Dust

As the demonstration began and ajir sampling proveeded, it bocams apparent that the air-sampling probe was
becoming clogged by solids in the melter Mue gas as it rapidly cooled from 1600°C to 190°C (2900°T to
400°F), Solids aceumuiated in the probe untl the gas would no longer flow, and sampling became difficuldt.
Sampling was halied, and the probe was removed from the furnace and cleaned. The solid material, which
apparently congigted of acoumulated dust, was collected ag the pr(‘ﬂ‘n‘: was cleaned and weighed. The
accumulated dust was composiled daily, so three composite samples of dust were obtained over the course

of the demaonstration.

The dust material was brown in color and consisted of some Jarpe pleces, so it was crushed with a
mechanical crusher so it could be inserted into laboratory sample containers. Dust samples were subnmitted

to a laboratory and analyzed for metals and dioxins and furans.

Minergy claims that the dust issues encouniered during the demonstration wouid be controlled in a

commercial scale operation.

Dust samples were analyzed for RCRA metals by EPA Methods 60108/7471A (EPA 1996). Individual
metals analyzed and their resutting concentrations observed in the dust-compostie samples are detailed in

Table 4-11.
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Several metals were present at elevated levels. Metals concentrations in each of the dust composites were

similar in magnitude,

Dioxins and Furans

The dust material was sampled to determine whether dioxins and furans were present. The material was
analyzed for dioxing and furans by EPA Method 8290 (EPA 1996), and the laboratory provided results for
individual congeners and total dioxing and furans, based on summing the homologs, Results of the dioxins

and furans analysis are summarized i Table 4-11.

The table shows that the dust contained total dioxin and furan concentrations ranging from below detection

limits (<0.327y 1o 101 ng/g (=327 £ 107 10 1.01 % 107 ppim),

43.2.9  Leachates of Glass Aggregate Product and Crushed Glass Aggregate Product

The glass aggregate product was subjected to two water-leach tests: the ASTM Standard Test Method for
Shake Extraction of Solid Waste with Water (D3987-99) {ASTM 1999) and the Synthetic Precipitate
Eeaching Procedure (SPLIY (E'A Method 1312) (EPA 1996). The glass aggregate product was extracted
by the ASTM water leach method and analyzed for PCBs and metals. Glass-aggregate-product samples
also were extracted by the SPLE method and analyzed for PCBs, metals, dioxins and furans, and SVOCs,
Results of total PCHs and metals analysis of the leachates were used to evaluate Prmary Objective P2, and

the resuits are summarized in Table 4-12.
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TABLE 4-11
DUST COMPOSITE SAMPLE RESULTS

Analyte Sample ldentification
Metals (mg/kg) M-AS-01 M-AS-07 M-AS-03
Arsenic 57 120 130
Hirium 230 210 210
Cachmiem 12 18 19
Chromiwm 190 250 244
Mercury (.50 {161 1.0
| eud 7{4) 1,100 1,200
Selenium 44 40 43
Silver 4.7 7.1 5.1
PCDOS/PCDEs (Method 2949
{pe/e)
1.2,3,7 8.PeCDF -4).334 <{}.43() (0,636
2,3.4,7.8-PeCDF «{).327 =) 424 0. 771
1.2.3.4 7. 8-He XD <{).54% w4} AR} 0.585
1,2,3.4,6.7 8-HpCDF =}, 831 =), 748 0.871
Fotal PCDDS/PCDFy
{(homolog sum} 3,377 <0).420 Tl
(p/e)
Motes:
mg/kg = Milligram per kilogram

pa/kg = Proogram per kilogram

PODDS/PCDFs - Polyehlorinated dibenzodioxins/Polychlorinated dibenzofurans

PCDIPCHE congeners less than detection imits in all samples are not included in this table. For a complete list of
these analyies, see Appendix A,

Samples were not analyzed for PCBs, SVOUs or VOUs.
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GLASS AGGREGATE PRODUCT ASTM LEACHATE SAMPLE RESULTS

TABLE 4-12

Analyte Sample Kentification
PCBs (Method 1668)
{pg/a) M-Ci-(11 M-(G-02 M-(3-03 M-Ci-04 M-(3-05 M-(i-06
Total PCBRs (homolog sum)
(pa/ ) =i, 500 =21, 500 < ()50 =500 <(). 500 =().5{)
Meatals (mgdl.)
Arsenic 43,10 <3, 10 <(),11) <{3, 1) =), 14 =010
Rarium ()01 (1,01 ALl ()01 =00 =}
Cudriium (.01 «(1.(}1 () {3 =)0 AL <43 (1
Chrormium «£).02 =102 (.02 (.02 =), 02 =) 112
Mercury < (10002 = {10002 <(L.0002 =0,0007 =(L0002 < (), 0002
Lead () E) <f} {3 =), 1) -0y, 10) <) 10 <), 14}
Selenium (). 1() <3, 10 =110 =), H) =10 {3 1)
Silver ={).0] <{).01 <301 ={).0)1 <001 <0).01

MNote:

p/p  Picogram per geam
mg/L = Mifligram per liter

PCRs = Polychlorinated biphenyls
PO congeners loss than detection Limits in afl samples are pot inciuded in this table, For a complete st ol these

analytes, sce Appendix A

Samples were not apalyzed for PCRDWPCDEs, SVQCSs or VOUs.
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Portions of the glass aggregate product were crushed and screened through a 200-mesh (75-micron, 0.003-
inch) sieve at the University of Wisconsin at Platteville Engineering Department laboratory, Glass aggregate
product ssmples had fo be air-dried before crushing, so they were taid out in disposable aluminum pans in
front of fans. Some of the pans were placed in drying ovens and set on circulating air only. After drymg,
the gluss aggregate product was transferred to a rotating drum crusher that contamed several steel balls of
various sizes. The drum crusher (Sotltest Model M-301) was cleaned between each sample, and a sand blank
was crushed and collected hefore cach sample was placed in the crusher. The crushed glass was then
transferred to sieves and shaken to separate the (inely ground glass particles. Fine particles that passed the

200-mesh sieve were collected, extracted by SPLP methods, and analyzed for PCBs, metals, and 5V 0OCs,

43291 Glass Agpregate Product ASTM Water-Leach Test

Portions of the glass apgregate product samples coliected from the six sampling runs were extracted by the
ASTM water-leaching procedure {ASTM E99Y) before analysis for PCEs and metals. Results of the extract
analysis were used 10 the evaluation of Primary Objective P2 to determine the material’s potential for

benelicial reuse.

PCEs
PCBs were anafyzed hy high-resolution EPA Method 1668 (EPA 1997), and individual congeners and total

PCBs were reported by the laboratory. Results of the ASTM extraction and PCB analyses are summarized in

Table 4-12. The table shows that there were no detections of PCBs in any of the six sampling runs,

Metals

Gilass aggregate product ASTM water leach samples were analyzed for RCRA metals by TPA Methods
G010B/7470A (EPA £996). Individual metals analyzed and their resulting concentrations observed in glass

ageregate leachates are detatled in Table 4-12

Metals concentrations in ASTM-leachate samples are below detections binits for all metals analyzed.
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4.3.2.9.2 Glass Appregate Product SPLP Leach Test

Ciass apgregate product composite samples also were extracted using SPLP (EPA 1996) and analvzed for
PCBs, metals, dioxing and furans, and SYOCs. SPLP was designed to mimic rainwater leaching

contaminants from a material and potentially migrating into groundwater. SPLP penerally 1s used to more
closely simulate actual rainwater leaching effects, rather than landfill leaching effects. The sample extract

was analyzed for POBs, metals, and dioxing and [urans,

PCBs
Afler SPLP extraction, PCBs were analvzed by high resolution EPA Method 1668 (EPA 1997), with total
PCBs and individual congeners reported by the laboratory. Results of the laboratory analysis are detailed in

Table 4-13.

Resolts of the PCB analysis exhibited no detections of PCB congeners in any of the glass apgrepate product

samples.
Metals
CGlass aggrepate product SPLP leachale samples were analyzed for RCRA metals by EPA Methods

GOIOB/7T470A (EPA 1996). Individual metals analyzed and their resulting concentrations obsorved in the

glass aggrepate product leachates are summanzed in Table 4413

No detections of any of the metals analyzed were exhibited in any of the glass agpregate product sample

feachates.

Diaxins and Furans

Cilass aggrepate product SPLP-leachate smmples were analyzed for diosing and furans by EPA Method 8290
(EPA 1996), and the laboratory provided results for individual compounds and total dioxing and furans,

Results of the dioxing and furans analysis are summanzed in Table 4413,

As shown, the leachate was observed te contain total diexins and furans concentrations ranging from 0.0332

to 0.615 ne/L (3.33 x 10%t0 6.15 £ 107 ppim).
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GLASS AGGREGATE PRODUCT SPLP LEACHATE SAMPLE RESULTS

TABLE 4-13

Analyte Sample ldentification
PCRs (Method 1668)
(pg/i) M-(-01 M-Ci-02 MCie)3 M-Gi-04 M-Ci.05 M-{i-06
Total PCEs (homolog sum)
{pg/e) “1).562 <{).588 ={).0 «0.633 <0723 <{).694
Metals (mp/l.)
Arsenie =10 <010 <{L 10 =().10 =010 =(), 10
Bariun ={3,01 =01 =01 AN ={.01 =01
Cadmium =0 ={).01 (.01 <0,01 (101 =01
Chromium =102 «{}.02 <402 {02 ={).{)2 <302
Mercuary <0 0002 =), (002 {10002 ={0.0002 {3 00012 =) 0002
Lend ). 1) <A}, 1{} <f) 10 (0,10 =}, 10 <014
Selenitm =} H) ={}, 1) <4).10) «{). 10 ~f3, 1) =0, H}
Silver A “(LOT 3.0 =0).01 =) {1} ={),01
PCDDSPCDES (Method 5290)
(pg/g)
OCpD {1.387 <().0445 <0377 <().0323 =0.0261 <{LOMO
1.2.3.4 6.7,8-HpCDF 0.0061 <().0023 <0.0030 =}, 0027 =0.0024 ={1,0027
Total PCDD/Fs 0,596 0.0615 0.0532 0.0383 00332 | 00435
{homolog sum)

Motes:

pufu

Picogram per gram
my/L

itk por lite

PCBs = Polychlorinated biphenyls
PCDD/PCDRFs = Polychlorinated dibenzodioxing/Polyehlorinated dibenzofurans

w Mot sampled

PCE and PCDIVPCIF congeners, and SVOCs ess than detection limits in sfl samples are not inchded in this table.
For a complete list of these analytes, sce Appendix A,

Samples were not analyzed for VOUs,

74




SVOCs
Four of the six glass agaregate product composite samples wore subimitted for SPLP extraction and
SVOC analysis by EPA Method 82700 (EPA 1996). Total VO concentrations in SPLP-leachate

samples are below dutections limits for atl SVOCs analyzed,

4.3.2.9.3 Crushed Glass Aggrepate Product SPLP-Leach Test

Portions of the glass aggregate product composie sarples were crushed and screened through a 200-
mesh (75-micron, 0.003-inch) sieve. The crushed plass apgregate product was then transferred to sieves
and shaken to separate the Fnely ground glass particles. The fine particles that passed the 200-mesh sieve
were collected and submitted to & laboratory for SPLP extraction and analysis of PCBs, metals, and

SVOCs,

PCRBs

After the crushed glass apprepate product was subjected to SPLP extraction, PCBs were anatyzed by
high-resolution EPA Method 1668, with total PCBs and individual congeners reported by the laboratory,

Results of the laboratory anatysis are detailed in Table 4-14.

Results of the POB analysis exhibited no detections of PCBas in any of the glass aggregate product

compaosite samples,

Maetals

Crushed glass agpregate produet SPT Poeachate samples were analyzed for RORA metals hy FPA
Methods 60F0B/7470A (EPA 1996). Individual metals analyzed and their resulting concentrations

observed in glass apgrepate leachates are detatled in Table 4-14.

No metals were detected in any of the glass aggregate product composite sample leachates.
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TABLE 4-14
CRUSHED GLASS AGGREGATE SPLP LEACHATE SAMPLE RESULTS

Analyte sample Fentification
PCHBs (Mothod 1668)
{pp/e) M-C(G-01 M-CG-02 M-CG-03 M-CG-04 M-CG-05 M-CG-06
Total PCBs (homolog sam) ‘
(pa/) =4).500 ). 500 <0).500 <24).500 401,500 {500
Metals (mg/1.}
Arsenic ={), 10 ={).10 =10 <A}, £ =0,10 =), 1)
Barium {101 =0),0)1 () =3 =} £ ={).01
Cadmium ={1.01 =)0} “(hH <{L01 ={).01 <4101
Chromium (.02 ={).02 <) £¥2 {02 <0).02 <102
Mercury ={).0002 (0002 <0002 <{y RN (10002 (3, 0002
Lead (). 10 <{).10 <10 < 14} <().18 <310
Selenium =410 ={1.10 {31} {14 ={3.14) ={).10
Silver <{().01 =001 {11 =LA =13.01 =)0
SVOCs (up/l)
Bis(2-cthylhexyhphthalate 5.0 - <5.0 <5 () -- 4}
Total 3VOCs 5.0 - .5 {) =5 4} -- 14 3

Notes:

pe/p = Pleogram per gram

mg/l. = Milligram per liter
pe/l = Microgeam per lter

-- Not sampled

- Polychlonnated biphenyls
= Bemitvolatile organic compounds
stiraled Value, Concentration Below Lower Calibrition Range.

PCB congeners and SVOCs less than detection hmits 1n all samples are not ncluded m this table. For a complete list
of these wnolytes, see Appendix AL
Sumples were not analyzed for PODDPODES or VOCs.
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SVOCs
Citass aggregaie product SPLP-leachate samples were analyzed for 5V 0Cs by EPA Method 82700 (EPPA
[996). The resulting concentrations expressed as total SVOCs observed in the plass aggrepate product

leachates are summmarized in Table 4414,

Only one SVOC (bis[2-othylhexylphthalate) was detected in one of the four SPLP-leachate crushed glass
aggregate product samples (M-CG-06). SVOC concentrations in SPLP-leachate samples were below

detections limits for the other three crushed glass aggregate product samples analyzed.

433 SITE Demenstration Objectives

The main component of the Mincrgy GFT 15 an oxypen/fuel-fired melter thal operates al a lemperature of
1,600 °C (2,900 °F). The technology can be used to vitrify PCB-contaminated sediments as well as
sediments containing metal comamination, When the wolten glass is cooled, a glass aggregate is formed.
The product las potential seunonse value as g concrete upprepate, woadbed (i, o1 other constreclion

madernial,

The purpose of the SITE demonstration of the Minergy GEFT technology was to provide an unbiased,
quantitative evaluation of the effectiveness and cost of this technology. To ensure the collection of data
that would allow such an evaliation, specific, performance-based objectives were developed, The two
primary objectives are considered to be eritical for the technology evaluation. Secondary objectives
provide additional information that is useful but not critical. The following sections provide an

evaluation of the primary and scoondary objectives,

4.3.3.1 Primary Objectives Evaluation

The following priznary objectives (P} are considered to be critical to the success of the SITE evaluation.
For each objective, a brief description of the experimental approach is given.

r Determine the treatment efficiency (TE) of PCBs in dredged-and-dewatered river
The concentration of PUBs n river sediment, the glass apgregate product and all the waste streams were
analyzed. The TE calculation for the GF1 consisted of a comparison of the PCB conlent of the six
composite samples of the dredged-and-dewatered sediment versus PCB concentrations of all other

process outputs, ncluding six composite samples of the glass agpregate product, guench water, and three
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compaosite samples of the cooling-tower discharge. Based on the sampling methodology, the six flue-gas

samples were discrete samples, not composite sampics.

The TE of the GFT process was calculated as follows:

TE = {W, - W, )/ W, 100%
Where:
., "‘-‘-‘-‘-' Creometric mean of PCH mput concentration:
For the GFT process, W, represents the PCB concentration of the
dredged-and-dewatered sediment; for the melting system only, W,
represents the PCB concentration of the drum-dried sediment.
W m Cieometric mean of PCE output concentration:
For the GFT process, W, represents the combined PCB concentrations
of the process flue gas stream, the quench water stream, and the glass
aggregate product,

A TE for the Holoflite” deyer demonstration could not be caleulated due to the sediment carry-over into
all waste streams and data incompatibility, Data collected during the Holoflite™ dryer test were not used
to determine a TE for the GFT because of the incompatibility of the PCB congener lists analyzed for the
dryer and melter evaluations. The TE lor the GFT was calcnlated using data obtained from sampling
drodged-and-dewatered sediment from roll-off boxes. This caleulation provides a TE for the technology
as demonstrated by Minergy., Table 4-13 provides the geometric means of the input and output PCE data,

The TE for the GFT process was calculated to be 99,9995 percent,’

A removal efficiency (RE) was calculated for the melter phase only of the GFT, because of the
unceriainties associated with the drum dryer used to dry the bulk of the demonstration sediment, Only
sediment enfering and exiting the drum dryer were sampled, and samples of dryer exhaust gas or

congdensate were not collectable based on the dryer setup.

Minergy claims that commercial GFT units will condense all water vapor from the dryer vent and send it
to the dredging wastewalter treatment operation while non-condensable pases will be recyceled to the

melter.

The melter RE consisted of a comparizon of six composite samples of dried and prepared sediment
entering the furnace versus PCB concentrations of all other furnace outputs, including composite samples

of ghass agarepate, quench water, furnace flue pas, and cooling tower discharge water. The RE

! The trgatment ¢fficlency was caleslated two ways: NI = MUL, the TE = 99.9994%; for NID = ¥ ML, the
T = 00 900509,
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calculation provides o measure of the efliciency of the melter furmace only. Minergy proposes that the
fnal design of a full-seale GFT system will route all dryer output streams into the melter furnace. The

R for the melter phase only of the GFT was calculated to be 999995 percent.

| 2 Determine whether the GFT glass aggregare product meets the criteria Tor
beneficial reuse under relevant federal and state regulations. The aggregate
product will be judged to be beneficial with respect to cach metal or PCB if the 95
pereent upper conflidence it (U CLy) For the estimated mean {of cach muetal or
PCB) is less than federal or state regulatory reguirements, as applicable.
The final glags agprepate product from the GEFT demonstration was subjected o SPLEP and ASTM
extractions, Aqueous extruction procedures were followed by analysis of the extracts for metals and
PCRy. The resulis of thege reate were evaluated against federal and state requirements w determine if the
glass aggrepgate product 1s sutable for beneficial reuse. No federal criteria were found for evaluation of
the glass material for beneficial reuse; however, the state of Wisconsin has promulgated a regulation with
criteria for the use of industrial by-products. Results of the analyses on the extracts, as well as total
contarminants in the glass agpregate product, were evaluated against Wisconsin Adminisirative Code

Chapters NR 338 (NR 338) and NR140 (NR146G) criteria. (WDNR 19973,

The purpose of Wisconsin's NR 338 regulation {WDNR 1997) is to allow and encourage the beneticial
rewse of industrial by-products to preserve resolrees, conserve energy, and reduce or eliminate the need to
dispose of industeial by-products m Jandflls, The regulation containg eritenia {or live categonies of
industrial by-products, the uses for which depend upon which criteria category the material meets, The
categories chotate how the material can be used and become more restrictive as the eriteria become less
strict. The extent of allowable uses for the evaluated material (glass aggregate product) diminishes as the
category munbers rise from one to five. Based on a chermeal analysis of the glass aggregate product
compared to the crters in NR 538, the glass aggregate product gualifies for beneficial reuse under NR
538 Category 2 criteria.  Under this category, the glass aggregate product qualifies for beneficial reuse as
any of those products or uses deseribed in the tule as Category 2 and may be subject to notification

requirernents,
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TABLE 4-15
INPUT AND OUTPUT PCB CONCENTRATIONS

Geometric Mean of Total PCBs in Samples
Feed or Waste Siream (parts per million)

Dredped-and-Dewatered Sediment 288
Prrum-Dined Sediment 22.4
Sediment Entering Melter 7.8

Cilass Aggregate Product 137 x 107

Flue Gas 3.S51x 10

Quench Water 4.16 % 107

Cooling-Tower Discharge Water 126 x 10°

Notes: When calculating the geometsic mean non-detects were assigned a value of ¥ the method

detection limit.
Creometric Mean is caleulaled as GM =0 y vi, ¥Z,yi.yn

Material evaluation under Category I criteria 15 subject to strict standards, some of which are lower than
current method detection limits, Category 2 criteria, while less stringent, still reguire low contaminant
poneentrations derived from total solid and ASTM water-leach analyses. Materials qualifying for
beneficial reuse under Category 2 eriteria are subject to monitoring and to regulatory and property owner
notification requirements. A copy of Chapter NR 538 Wisconsin Admunistrative Code is provided m

Appendix 13,

lable 4-14 presents the post-demonstration plass agpregate product sample results compared o the NR
538 Category 2 criteria for both water-teach tests (SPLE and ASTM), for Total Llements Analysis
(WDNR 1997), and for NR140 groundwater quality criteria (WDNR 2001). EPA’s evaluation of the
GI'T product included water leach tests of the glass aggregate produet, as well as the crushed glass

aggrepate product that passed through a 200-mesh {75-micron, 0.003-inch) sieve.
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TABLE 3-16
BENEFICIAL REUSE RESULTS AND CRITERIA

Cilass NI 838
Aggregate Total Elements Category 2 Glass Apprepate
Product NR 538/NR140° | Analysis Results | Criteria for Product SPLP*
ASTM" Category 2 for Glass Total Leachate
Leachate Criteria for Aggregate Elements Concentration
Concentration Water Leach (mg/kg)" Analysis {mg/1.)
Coptaminsni (/L))" Fests (inp/L) {rnp/kp)
Total PCRs ' <500 x 107 0.000003 0.06092 - <633 x 107
ATsenic =00 .05 5.1 P <010
Batiwm =0L010 4.0 341 - =(.010
Cadrmium =0.010 (1005 0.51 - =0.010
Clhiromum (020 (.10 52 - ={.020
Lead =L ED 0.015 16 - <0).10
Maoreury <0.00020 (.002 0.26 - =1 00020
Selentum =010 0.10 89 - (1,16
Silver <0.010 (.10 3.2 =0.010

Note: &
h

o

L€

ARTM = American Soctety for Testing and Materials

my/l . = Mithigram per liter

mg/kg = Milligram per kilogram
The Total Elements Analyais Results for Glass Agaregate are derived from the glass-
aggregate-composite-sample results. These values are the 95% upper confidence bound
(UCB) of the arithmetic mean of the glass aggregate results. The 95% UCBs for arsenic,
cadmium, and mercury are caleulated from method detection limits. The methods used
for the caleulation of the 95 % UCH are detailed in the QAP Section 3.2,
SEPLP = Synthetic Precipitate Leaching Procedurs. SPLP analysis results are not
compared (o NR 338 Category 2 criteria,
PCBs = Polychlorinated biphenyls
NR 538 does not contain eriteria for total PCBs. The criteria for comparison is NR 140,
Groundwater Quality Standards Preventive Action Limit
- Criteria do not exist

less than
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As shown in Table 4-14, the alass agpregate product meets the Wisconsin NR 538 beneficial reuse
criteria for Category 2 with the possible exception of arsenic and cadmium. The NR 538 water leachate

criteria Tor arsenic and eadmivm are Jower than the detection Hmits [or each of these eloments,

4,.3.3.2 Secondary Objectives Evalustion

The following secondary objectives are not considered eritical to the success ol the evaluation but may
offer additional information on the innovative leohuology. Por each objective, a brief deseription of the

experimental approach is given.

8t Determine the unit cost of operating the GFT on dredged-and-dewatered river

sediment,

FThe unit cost of removing PCBs and organic and inorganic contaminants from river sediment were
determined bazed on data provided by Minergy. This secondary objective was achieved by assessing

twelve expense categones,

Capital and operating costs were estimated for conducting a full-scale operation of the GFT. A detaited
discussion of costs is included in Section 3.0 of this report. The NPV of the facility described in this
document was estimated at $122,041,000. The estimated cost per ton to treat the sediments is $38.74 per

tan,

52 Quantify the organic and inerganic contaminand losses from the existing or
alternative drying process used to dry the dredped-and-dewatered river

sediment.

The sampling plan {or the dryer demonstration was designed to permit the quantification of organic and
inoreanic coment before and after the dryving process. However, the smalt scale of the demonstration and
the carryover of dust from the dryer into the condensate and gas streams gave rise to ambiguous results.
As explained in Section 4.2.1.1, the Holoflite® dryer process evaluation had critical flaws, which
prevented proper evaluation of contaminant losses, The results of the PCB analyses were based on a
Himited st of congeners and are not comparable to PCB analyses performed after the dryer
dersonstration. The list of congeners was based on & small number of congeners (about 23} that were
considered 10 be amoeng the most toxic PCB constituents, but these congeners were not necessarily present
in the PCBs used by the paper industry or found in the sediment vsed in the GFT demonstration. The
evatuation of the Secondary Objective 52 was not completed because of these differences. Analytical

resulls of samples collected during the Holoflite™ dryer demonstration are presented in Appendix C.
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Also, because the carryover of dust into the condensate and dryer gas streams resulted in suspect results,

inorganic contaminant losses were not characterized for the dryer.

53 Characterize the organic and inorganic copstituents in all GFT process input and

outpul streams,

process and characterizes the results. As noted in Seetion 1.0, the GFT process consists of a drying phase

Secondary Objective 53 was intended (o combine data from afl the input and output stireams of the G

and a melting phase. Input streams melode: dredged-and-dewatered sediment, dried sediment, flux, and
city water, QOutput streams include: dried sediment, dryer gas, dryer condensate, glass agprepate, furnace

gas, quench tank water, cooling fower discharge water, and accumulated dust. These input and output

streamns were agalyzed for some or all of the following snalytes: PCHs, dioxins and furans, metals,
SVOCs, VOCs, and HCICL, VOC analysis was conducted on both pre- and post- melter samples 1o

evaluate the potential production of VOCs in the melting process,

Analytical results of the samples collected from all mpul and output streams, which were presented in
Section 4.3 through 4.3.2.8, were evaluated for this objective. This objective consisted mamly of review
and presentation of analytical resulis from the demonstration, and not an interpretation. Analytical resuits
from the melter demonstration were presented in Tables 4-2 through 4-12, while Holoflite® dryer

dermonstration resulis are presented in Appendix C.

As in Secondary Objective 82, Analytical results of all of the samples collected during both the pilot-
scale dryer test and the melter tost were evaluated in a similar manner a5 those used 1o obtain Primary
Objective PE The UCL,. were calenlated with the same formula described in Primary Objective P2.
This objective consisted mainly of a review of analytical results [rom the demonstration and not an

interpretation.

Results of the Holoflite™ dryer test are presented in Appendix €. Analytical resulls of dredged-and-
dewatered sediment samples coliceted from the roll-off hoxes and drum-dried sediment samples collected
from the supersacks at the Minergy facility in Winneconne, Wisconsin, were detailed previously in

Tables 4-2 and 4-3, respectively,

Melter samples were collected duning the demonstration i August 2001, results of which were presentaed

in Secion 4,32,
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4.4 DATA QUALITY

Drata and analytical results from 94 percent (191 samples) of the 203 samples anakvzed in support of the
GFT demonstration were reviewed for quality, usability, and evaluation of the primary objectives. Data
validation was performed on PCBs, metals, dioxing and furans, 3VOCs, VOCs, and hydrogen
chiloride/chlorine results. This validation was based on a review of the QC resualts, which included
surrogate recoveries; laboratory control samples (LOS) and laboratory control sample duplicates (LCS1);
matrix spikes {MS} and matrix spike duplicates (M51); and Beld, equipment, and method Blanks.

The following paragraphs briefly summarize the results of the QC analyses; more detailed information is

provided in the TER.

4,4.1 Surrogate Recoveries

Suwrrogates are compounds of known concentrations added to each sample to evaluate the effectiveness of
the analysis in measuring organic cortaminants that may be present in the sample. The analytical results
of surrogate compounds in samples analyzed by the laboratories were found to be within acceplable

Himits, except in the samples desoribed below,

Mosgt of the problems with surrogate recoverios were observed in the SVOC analyses. Several samples
had low or no surrogate recoveries, indicating a possible fow bias for associated sample resulte, The acid
surrogate 2.4.6-tribromophenol was not recovered in any of the dried melter feed samples (M-5-01, -02,
-03, <04, and ~0302). Additionally, the recoveries for two other acid surrogates, 2-fluorophenol and
phenol-d5, were low for samples M-85-03, M-5-03D, and M-5-04. All phenol results for the dried meler

feed samples were nondetect bt were qualified as invalid (I8) because of poor surrogate recoveries.

Therefore, the SVOC results for these samples were qualibed as IS, The percent recovenes of all SVOC
analytes in the M8 and MS1 sample (M-G-03), which was designated as the soil MI/MSD sample, were
within Q€ Hmits with the exception of N-nitrosodimethylamine for which the recovery was below the
lower QC limit of 40 percent, The non-detect result for this analyte has been gnalified as estimated
nondetect (Li1), because of the likely low bias. Although there could have been a negative bias in the
phenol and single N-nitrosodimethylamine results, when caleulating total $VOCs in these samples, all
these results were assumed to be below their detection lumits. Discrepancies were observed for the SVOC
duplicate analysis on sample M-8-03. The results for the analysis of the primary sample showed the
presence of seven polynuclear aromatic hydrocarbons (PAHS), ranging in concentration from 190 ug/ke

for benzotk)Muoramhens to 340 ug/kg for benzo(M) Muommbeng. The results for all these PAHs were
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reported as nondetect for the analysis of the duplicate sample M-5-031. The discrepancy teflects, most
likely, nonhomogencous sample matris, The concentralions of the 7 PAHs reported in sample M-5-03,
therelfore, are qualified ays estimated values based on the unceriainly of tie overall precision of surapling

and analytical procedures,

Some minor problems, such as low recoveries and out of calibration range results, were observed with
surrogate recoveries in VOO analyses that did not warrant qualifications. For samples M-5-03, M-5.-04,
and M-8-041 the recovery of VOU surrogate dibromofluoromethane, at less than [0 percent for each
sample, was unacceptable. In addition, for sample M-5-041, the recoveries of 1,2-dichloroethane and
4-bromofluorobenzene were marginaily biased high, No data, however, were impacted for samples
M-8-03 and M-3-031) for VOO analysis, because out-of-control recovery of one surrogate is aceeplable,
For sample M-8-041), all analytes associated with these two surrogates were nondetect in the sample. No

data, therefore, were qualified based on the high recoveries of the two surrogates.

4,4.2 Laboratory Control S8ampie/Laboratory Control Sample Duplicate

An1.C

with known concentrations of target analytes and analyzed in exactly the same way as leld samples,

i4 & blank sample consisting of laboratory-grade water with method-appropriate reapents, spiked

Recovered concentrations of spiked analytes are then determined as percent recoveries (%R), which are

used to evaluale the precision and accuracy of the analytical procadure,

Recoveries for LOSs and T.OSDs apalyzed for SVOCs were within QC limits, with the following
exceptions. Two compounds were found to be out of control limits, and their associated non-detect (N1))
results were qualificd as cstimated {UF). The non-detect results for 4,6-dinttro-2-methylphenol,

2 4-dinitrophenol, and pentachlorophenol were gualifted as invalid (IV) for both fue gas samples because

of the possible extremely low bias in their recoveries during analysis, and these samples are not included

in the FTER, It s important to note that SVOCs are reported as total SVOCs 1w the |

In general, LOSs and LOCSDs analyzed for metals were within laboratory control Bimits, and ne data were

qualified as a result. Dioxing and furans control samples were analyzed within limits.
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4.4.3 Matrix Spike/Matrix Spike Duplicate

ME/MSDs are hield samples that are used to determine the effect the sample matrix has on the analysis of
the samples. Inan MS/MSD, the sample matrix i3 (1) identical to those submitted as samples, (2} spiked
with known concentrations of trget analyies, and (3) analyzed in exactly the same way as the other
samples. One pair of M&/MSD samples was submitted 1o the laboratories for each group of samples
(sedimnent, plass, guenel wate ) aud o cach aalysis requested (PCDs, dioxins and furans, VOUs, and
SVOUs). The recovertes of all the MS/MSDs were in control, with the following exceptions.

I the MS&/MSI? samples analyzed, three compounds were detected outside of established laboratory
control limits. As a result, these detected compounds, which were not detected in the field samples, were

qualifled as estimated (L,

In one M8, 28 of 70 VOUs were detected below QC limits. For these compounds, any NDs in
corresponding samples were qualified as estimated (U3) and any detections were qualified as estimated

(.

4.4.4 Equipment Blanks, Field Blanks, and Method Blanks

Six equipment blanks and 11 field blanks, were coliecled during the GFT demonstration. PCBs were
detected at low levels — fess than | nanogram per Hiter in two of the field blank samples and less than 40
pe/p in two sand field blank samples. However, the congeners were not detected in samples assoctated

with the field blank samples, and qualification of sample results was not warranted.

One sand Treld blank was collected and submitted to s laboratory for SVOC analysts. No SVOCs were
detected at concentrations above method detection limits, and no qualification of samples associated with

the sand blank was warranted,

None of the equipment and field blank samples was analyzed for dioxins and furans or metals,

Ten method blanks were analyzed by the laboratory as well as two trip blanks for VOC analysis.

4.4.5 Audits

As a vital part of the QA program, one field audit and one laboratory audit were conducted by EPA 1o
ensure that measurements associated with sampling and analysis were in conformance with the final

(OAPP (EPA 2001). The audit of field activities was conducted on June 21, 2001, Two findings and four
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minor observations were documented. The first finding recommended collection of field blanks in the
sample preparation area Lo document any potential impacts that fugitive dust might have on sediment and
plass aggregale product samples. The second finding recommended the coltection ol sand blanks
hetween crushed glass aggregate samples. Both of the recommendations were agreed upon and

implemented. All of the minor observations were also agreed to and implemented,

The Paradigm Analytical Labovatory audit wes conducted on March 21, 2001, Two obgervations were
noted by the auditors. Paradigm addressed the observations, and data quality was not affected, The TER

documaents the results of these audils,

d.4.6  QAPP Nampling Deviattons

For various reasons the number of samples speeified in the QAPP were not collected. Table 4-17 list the
I

planned sampling protocol, the sctual samples collected, and the rationate for any changes in the QAPP.

4.5 OVERALL EVALUATION

Evaluation of the analytical data indicates that the GFT was able to significantly reduce PCB
contamination in all samples collected, The GFT successfully destroyed 99,9995 percent of the total
PCBs in the river sediment. The glass aggregate produced by Minergy's GFT met Wisconsin
Administrative Code Chapter NR 538 Catepory 2 criteria and qualified for beneficial reuse under the
regulation. This qualification allows a wide range of uses, including as an additive to concrete, a material
in floor tiles, and as construction fill. W also requires environmental monitoring and regulatory

notification under the accepted uses,

The GFT reduced the concentration of dioxins and furans in the dried sediment. Total dioxin and furan

concentrations in the glass aggregate ranged from 1.77 to 3.77 p/y, a reduction of greater than 99

percent.

I appeared to be capable of decreasing mercory concentrations in the river sediment. Mercury
was observed in sediment &l a concentration slightly fess than 1 part per million, and it was not detected
in the glass aggregate analysis, Ifnot removed by the Turnace thermally, the mercury Tikely was
inactivated within the glass matrix, Furnace fiue gas samples did not detect mercury above method
detection limits. Neor did mercury feach from the glass aggregate, as ovidenced by the results of the

American Society of Testing and Materials (ASTM) and Synthetic Precipitate Leaching Procedure
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{SPLP) water leach tests,

Analysis of the sediment, gluss aggregate product, and other output streams indicate thal 3VOCs and
VOs were nol contaminants of any measure, and treatment of the sediment by the GEFT did not create
byproducts in the process waste streaims. Similarly, dioxins and furans were observed at only minor
concentrations in the glass aggrepate product samples. The destruction of PCBs in the sediment did not

canuse hazardous constituents in the fumace flue gas to be released during operation,

Based on information from Minergy and observations made during the SI'TE evaluation, the estimated
treatiment cost is $38.74 per ton of dredged-and-dewatered sediment contaming 30 percent moistare. tnit
costs may depend on the location of the traatment Facility, sediment moisture. and potential produet end
use. Sale of the plass aggregate product would decrease the costs of treatment, but SITE's determination

of process cost per ton of material did not take into account the sale of the plass aggregate.
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TABLE 4-17

Dredged-and-dewatered Composite - - - 5 B Meeded tocoflect sampies of
sediment eollected the wet seciment for
from roll-of boxes calcafation of the treatment
efficiency
Drried, mined sediment Camposite 25 PLCB B 42 PCB It was determined that theee
without flux additica samples from each of 14
Todeiermine the sacks should be splis three
variahidicy of the ways to represent all sacks
material associated with each rofi-off
Caliected from box above.
Supersacks
Diried, mixed sedimeat Composite e PCE f 24 PCB Samples were collected at
with fiux addition P5-minute snfervals over -
To determine the Composite 4 DaoxmdFuran 4 24 BinxinTuran noar periods. Tan
chesmical additional dioxindffaran
characteristics of the Compaosite 24 SVOC 4 4 SYOC analyses ware performed to
dried sediments prior . - better chamcterize the
to the melar Composite = Metals * 24 Metals sediment entesing the melter
CO”tC.H:d over §-hoar Compaosite 4 Mertcury & 24 Mescary
perinds
Comgposite 4 VOC 4 4 Voo
Ciigss matkerial from the Composite 4 PCB ] 4 PCE Samples were collected to
melter ' maleh those coliected of the
T determine the Composite 24 hoxin/Furan 4 24 Drioxsry¥uran sediment entering the
chemical metter. Chag VOC analysis
characzeristics of the Composite i SVOL 4 4 SVOC was added 1o confirm the
glass ) i " absence of VOGS in the glass
Cotlected over B-hour Compasite 14 Metals 4 4 Metals
periods Compaosite 4 Mercury & 2t Mercary
Composite - VOO - 4 YO
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(Glass matesial from the Composite 4 PCB & 24 PCB 2 PCB. metals, and marcury
meiter samples were analyzed with

To determine the hoth ASTM and SPLP

chemical . Composste 2 DHoxinFuran 4 24 Ericxin/Furan ;] extractions. doubling the
charactenistics of the number of samples analyred.
leachate extracted off Six, rather than 4, samples
the plass suiface i were analveed for the full

Coltecied over 6-hour Composite ot | SVOC 4 25 SWOHT £ RORA suite of merals
periods begause there was no

difference in cost 1o znalyze
Composise 74 Metals i 24 Aetals e the suite ard mercury oniv.
Two additional dioxinfisrarn
sampies were analyzed
Cosmposite M4 Mercury f 24 Mercury 2 hecause divansuram were
detected in pre-melter
sediment

{Hass materiat from the Composie el PCE 12 24 PCB 6 Afl crushed giass samples
melier were anglyzed with SPLP

Crushed o <200 mesh extraceons caky.

To determine the chemical Preoxinffuran analysis of
characteristics of the crashed glass was aot
leachate extracted off Composite 4 Dicuin/Furan B 24 DHoxen/Furan - parformed because this

the glass surface parameter was nof-crizical,
Colected over g-hour the analvses were expensive,
perieds znt anzlvsis by ASTM and
SPLP extractions had
Campaosite 24 SVOC 4 24 SVOC 4 already been performed on
the glass appregate samples.
¢ was expected that dioxing
and furans. if present, would
be adsorbed to the surface of
Composise e Metals 4 24 Meeals & the glass particles and
crushing the giass would not
czuse a diference in
conceniration. Six samgles
T|were analyeed for the fuil
Compozsite 24 Merury a 24 Mercury f ROCRA suke of meials

becapse Eharg was no
difference in cost to analyse
the suiie and mercury only.
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T

(iiass material from the Composite 24 PCE i 24 PCB 2 PCH, metals, and mercury
melter samnples were analyzed with

To determine the both ASTM and SPLP

chemical . Composite 24 DioxinFuran 4 24 Driowin/Furan & extractians, doubling the
characteristics of the member of samples anabazed.
leachate extractest off Six, rather than 4, samples
the glass surface . were analvzed for the full

Coltected over f-houy Compasite + SVOC 4 24 sVOC 4 RCRA suile of metals

periods hecause thore was o
difference in cost to analvze
Composise 24 hietals 4 24 Mesals 1z the suite and mercary ondy.
Tweo additional dioxinfurzn
samples were anabyzed
Comgosite 24 Mercary fi 24 Mercury 12 because l{%]-}j{iﬁﬂ;?&]{'&ﬂs were
; detected in pre-melter
sediment

Glass material from the Composite e PCE 12 24 PCB f Afl crashed ghass samples
meler ware analveed with SPLP

Crushed to <200 mesh extracticas only.

To determine the chemical DriesinAuran analysis of
characteristics of the crushed glass was not
lezchate extracted off Composite 4 DioxinFuran & 24 Dioxin/Furan - performed because this

the glass surface parameter was noa-critical,
Collected over &-hour the analyses were eXpensive,
periods and analyss by ASEM and
SPLP extractions had
Composite 4 SVoC 4 24 SVOC 4 aiready bean performed on
the glass azgregate samples.
It was expected that dioxing
and furans, if present, wouid
bie adsorbed to the surface of
Composite 4 hetals 4 24 Merals & the glass particles and
crushing the glass would not
czuse 4 difference in
concentrakon. 3ix samples
“were anahzed for the fall
Comgposite 4 Mercary 5] 24 Mercury b ROTRLA suite of metals

hecause there was ao
difference in cost to analvee

the suite and meroury andy.




City Water Grzb MNA BCB 2 Na PCH ; One sampiz of clay water
To determine the cuality was collectzd during the
of the water entering . . . melter demonstration to
the quench tank Grab N SVOC 2 NA SVOC i save COsEs,
CoBected at the beginaing
and the end of the 6-day Grab NA Metals 2 NA Metals 1
period
Quench Water Composite 1z PCB f 12 PR & Two additional samples were
To determine the quality amalyzed for metals to beffer
of the water exiting the Composite 12 SO0 4 17 SV 4 characterize the guench
guench fank water
Caliected over 6-hour . - . -
periods Composite ) Metaks 4 12 Metals o
Drischarge from Cocling Grab Na PCB 2 Na PCEB 3 Recirculatng pumpr broke
Tower down after the Grse sample
Fo determine the quakity was collected, and the
of the water discharged g . . . . . sysiem was remodeled 1o ase
Coflgcted at the heginning Grab N SVOC = A SVOC = frash water, Two sampies
and end of the 0-day (including both 8OO
period samples; were collected
Grab NA Metals 2 NA Metals 3 after the cocling towee was
reireritted
Gas Sample Train 1 Mo discrepancies
To determine the chemical .
characterissics of the Grab NA PeB 8 NA PeB 6
materizls discharged o
the poHution controt
equipment
Collected over 4 hours Grab Na Bioxin/Furan & A Dioxin/Tuaran 0
Cias Sample Train 2 Grab N SVoC 4 HNA SVOC 2 Samples for SVOC and
Todetermine the chermnical VOO were reduced
chara clesistics of the Grah NA Metals 4 NA Metals il COmSLIVE Bme during the
materials discharged o demonstration. e to
the poHution controf plugging of the sample
eguipment Grab A HC 4 NA HCECL, 4 prohe, sample collecton for
Caliected over 4 hours all sarmples took leager than
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, - - T e B Hu Ty
Collected over T hour Grzb MNA VOC 12 N VOO

T =
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Avcumniated dust
depaosited in the flue
gas-sampling probe

Drast material was collected
each time “he probe was
extracted end cleaned cuz

Composite BioxinsFuran - 5 Droxins/Turan 3 The mazerial wis
compasited over the entire
dav, Dustaccumulation was
not foreseen before the

Composite hietals - 8 Metals 3 demonsesation began.

Gas Sample Train CGrab NA PCB 3 NA PCH 3 Mo discregancies
Tao deteremine the chemicas
characteristios of the Grab MA PioxinFuran 3 NA DeoxinFuraa 3
materials discharged by
the podlusion controd Grabr N& SVOC 3 NA SVOC 3
equipragaL .
Collected cvar € hours Grab MNA Metals 3 NA Metals 3
Sample of Flux Additive Grab NA PCB 2 KA PCB 1 Cme sample of flux materizt
Tovahidate chemical was adeguate o chamcterize
characterisiics of any Gran NA DroxindFuran i NA Dipxin/Furan 1 amy additives to the process
additives to the process
Coliected from siagie lof Grah NA VOO z NA SVO0 1
Grah NA Metals 2 NA hfetals 1

Notes:  For sampling locations, see QAPP Figore 42
- Sample nof specified o be collected or analvzed
ASTM - Amerscan Society for Tesking and Materials

SPLP - Synthetic Precipitate L eaching Procedure



5.0 TECHNOLOGY STATUS

This section discusses Minergy's development and use of the GIF I and other vitrification techmologies. Tt

also examines the potential for the technology Lo be used at other sites or on a larger scale,

S8 | PREVIOUS EXPERIENCE

One version of Minergy's thermal technology is presently being used for recycling wastewater sotids from
12 paper miils, The [irst step in the process is to transport wastewater solids {shadge) from a wastewater
treatment facility to the glass aggregate plant, The received sludge is then conveyed into a closed-loop

diving systemn, whoere the sludge is dried to approximately 90 percent solids,

In the next step, the sludge is conveyed from dryers (o the plass furnace. Once in the fumace, the organic
component of the sludge helps to fuel the high temperatures required to melt the dried slodge into glass,

The inorganic component of the sludge melts and flows out of the firmace as molten glass. According o
Minergy, while the high temperatures destroy the organic compounds, the melting process encapsulates

trace metals contained in (he sludge, permanently stabilizing the metals in an amorphous glass matrix.

The molten glass is discharped to a water quench system to torm the glass aggregate product. The glass
aggregate can be stored and handled similarty to conventional guarried aggregates. Some crushing and
screening can be done offsite, if necessary to meet the size requirernents of a particular aggregate market,
Markets for the glass aggregate produet include: floor tiles, abrasives, roofiog shingles, asphalt and chip

seal aggregates, and decorative landscaping.

‘The heat penerated in the melting process is recovered by a heat-recovery stean generator to produce
energy used to dry the wastewater solids, as well as (o co-generate sicam and electriaity,
Minergy's Fox Valley glass aggregate plant in Neenah, Wisconsin, recyehes 350,000 tons of wastewater

sotids annually, producing process steam for an adjacent paper mil] and glass aggregate for resale.

Minergy claims that the GFT, an adaptation of this technology, is capable of remediating any

contarminated river sediment. They claim that it will successfully remove or destroy contaminants from
amall and large volumes of sediment. Depending on the mineralogy of the sediment, application of the
GFT can result in o quality plass product suitable for resale as a construction material. Minergy claims

that typical contaminant-remaval cfficiencies are greater than 99 percent.
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5.2 SCALING CAPARILITIES

Minergy has assessed soveral sconarios for construction and oporation of a GI'T system, based on the
treatment of different amounts of sediment. Table 5-1 details the different scenarios assessed by Minergy

and the resulting unit costs associated with each.

Although the cost analyses performed in this ITER are based on a project that would treat lomillion-tons
of sedimend, Minergy claims that melters could be scaled to accommaodate sediment projects of most
sizes. Table 5-1 shows how a larger praject size results in lower unit costs. Areas where scale-up
economies could be reabized include the potential Tower energy costs per ton of sediment treated, reduced
gampling and analysis once treatment efficiencies have been established, and avtomation of some

PIOCESEEs.

The estimated cost per ton 18 based on the (aeility operating for 24 hours per day, 350 days per year, over

a Fa-year project period. This schedule transiates to treatment of 1,26 to 9.45 miflion tons of

contaminated sediment over the hie of the project,

TABLE 5-1
SUMMARY OF PROJECT SIZE FOR SCALING AND UNIT COSTING
Dredged-
and-
Dewatered Gelass
Sediment Aggregate
Capacity Production Minergy’s Unit
Project Size Description/Type (tons/day) {tons/day) Cost ($/ton) *
Small Inteprated 2440 100 $42.90
Mid-sized Tnteprated o600 250 331.24
Mid-gized Stand Alone 60 250 $32.92
Mid-sized Stand Alone 1,200 SO0 $20.43
Large Stand Alone 1,800 750 $27.01

Notes: Tons/day - Tons per day
Mimergy - Minergy Corporation
Costs are based on operation of the facility 350 days per year over 13 years,
$/ton - Dollars per ton
¥ Source for unit costs - Minergy
Integrated - Located in proximity to an existing industrial facility, which would allow for sharing
of some utilities
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Appendix A
Complete List of Analyies

L~ — PCB
{1)-MoCB (40.71)-TeCR 153 168-HxCB
{($)-INCR 64 TeCB 145-Hx (B
{T-DACH {61),70,74.76)-TeCH3 137-HxCB
(01410 Go-TeCB (1293,138,(163)-HxO'R]
{(H-IhB A6-Tel B 158-Hx{CR
SInCB 60-Tel'B 128, 160-HxCB
(IN-TnCH 81-TeCB 167-HxCB
18,30 Ta(CB 77-TeChH 136, 157.HxUCB
(1T)-T1HCB {38y, 21-Pel B 160 Hx (0B
{2N-TriCH 44.PeCB (176)-HpChB
{24 TriCH AL 101.0113)-PeCB 178-HpChB
(16)-TrCH 99_PeChH 187-HpCB
{26 29-THCR 56.87.97,(108),119(125)-FeCH 183, 185-HpCH
(25)-TrCH (85,11 6) 11D 174 HpCB
3-TrCH 110-PeCl 177-HpCB
(200,28 TnCH 82-PeCH {172)-Hph
(211.33-TnCR {107,124)-PeCB TEO,(193)-HpC R
22-TnB 123-PeCB 170-HpC R
37T L18-PeC 100 Hps0F2
(50.53)-TeC’B 114-PeCB 154U-HpCB
{45 51).TcCR F05-PeCh 2020cCH
(46)-TelB 126-FeCR 203-0cCRB
50 TeC B 136-Hx(CB 208-Nol’B
4060 -Tel'R 135 151-Hx(CR 2060-NoC B
{(48)-TeCH (147),149-Hx 1 200-De(’B
44 47 (63)-TeCB 132.HaCh
(59.62,75)-TeCB 146-Hx(C1H
PCDIVECDE
2,3,78-TCDD OCDD 2.3,4,6,7,8-HxCDF
[,2,3,7.8PeCDD 2.3, 7,8 TCDE 1.2,3,7.8 0-HxCD¥
[,2.3.4,7.8-HxCDD 1,2,3,7.8-PeCDF 1,2,3,4,6,7.8-HpCDE
[,2.3.6,7.8-HxCDD 2,3.4,7,8-PeCOF 1.2,3,4.7,8,9-HpCDE
1,2,3.7.8.9- Hx(DD 1.2,3.4,7.8-HeXDF OCDE
1,2,3,4,6,7.8-HpCDD t2.3,6,7,8-HxCOF
METALS
Arsenic Chromium Scleniwim
[Jarim Mercury Silver

103




Cladmiuimn

SVIN"

Phenot

Hexachlorobutadiens

N-Mitrosodiphenylamine

Ris(2-chloroethyDether

4-Chloro-A-methylphenol

4-Bromophenyl-phenylether

2 hlorophenod

2-Methy]naphthalene

[Hexachiorobenzene

13- Dichlorohenzene

Hexachloroeyclopentadiene

Pentachlorophenol

1 4-Trchlorobenzens

2,46 Trichloraphenol

Phenanthrene

Benzvl aleohol

2 4 5-Tnchiorophenol

Anthracene

1.2-Dighlorobenzens

2-Chioronaphthalene

[yi-n-butylphthalate

2-Mathyiphenol

2-Nitroanitine

Fluoranthene

V4-Methylphenol

Dimethyiphthatate

Pyrene

BistZ-vhivnvisopropylicther

Acenaphthylene

Bty benryiphthalate

N-Niteosodiphenylamne

2 6. Dinitrotoluene

3,3 Dichlorebenzadine

Hexachloroethane

3-Nitroani}ing

Benzotaanthrucene

Nitrobenzens

Acenaphthene

Chrysenc

fsophorone

2.4-Dimtrophenod

Bis 2-cthylhexyhphthalate

2-Nitsupliwel

4-Mitrophenel

Pien-potylphthalate

2 4-Dimethylphenol

Dibenzofuran

Renzo(b)fluoranthene

Bernzoie acid

2.4-Dinttrotoluehe

Benzo k) {lueranthene

Ris 2-Chioroethoxyimethane

Diethylphthalate

Benzo(a)pyrene

2 4-Dichlorophenot

4-Chlorophenyl.phenyl ether

Indeno(1,2,3-cd)pyrenc

1.2 a-Trichiuobonoo

Fluorens

Dyibenwo(a, hwnthruwene

Naphthalene

4-Nitroaniling

Benzo(g,h,hperylenc

4-Chtoroanthne

4,6-Dinitro-2-methylphenol

VO

11,1 2-Tetrachloroethane

2-Hexanong

Isopropythenzene

i1 1-Frchlorocthane

4-Chforotoiuene

Mecthyloncehloride

1,1,2.2-Tetrachlorocthane

4-Mathyl.2-pertanone

m-Xyiene

1. 1.2 Trichloroethane

Acetone

MNuphihalene

1,1-Dichloroethane

Benzene

n-Butyibenzene

i, - Inchloroethene

Bromobenzenc

n-Propylbenzene

i, l-Inchloropropene

Bromochloromethane

o-Xylene

1,2, 3-Trichlorobenzene

Bromodichloromethang

p-lsopropylioluene

1.2,3-Trichloropropune

Bromoform

p-Xylone

1,2,4-Trichiorobgnzenc

Bromormethane

sec-Putyibenzene

1,2, 4-Trimethylbenzene

Carbon disulfide

Styrenc

1. 2-Dibrome-3-chloropropane

Carhon tetrachloride

tert-Butylbenzene

1,2-Dibromocthane

Chloroherzens

Tetrachloroethene

t2-Ichloyobenzene

Chlorodibromomoethane

Tolueng

1. 2«[nchlorocthane

Chloroethanc

trans-1.2«Dichlorpethens
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1.2-Brichloropropane

Chloroform

trans-1,3-Dichloropropene

1,3, 5-Trimethvibenzene

Chloremethane

Trichlorogthene

1, 3-Ehchiorobenzens

cis- 1, 2-Ihehoroethene

Trichiorofluaromethane

YO

I, 3-Dichloropropane

cis-{,3-Pichloropropene

Vinyl acetate

1. 4-Dchlorobenrene

Dibromomethane

Vinyl chloride

2. 2-Lhchioropropane

Dichlorodifluoromethane

2-Butanone

Lthyibenzene

2-Chloroethyl vinyl ether

Fluorotrichioromethane

2-Chiorotoluene

Hexuchlorobutadiene
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MINERGY CORP. SEDIMENT MELTER
SUMMARY REPORT

INTRODUCTION

This report is written to summarize the activities undertaken during the sediment melter
demonstration project. This demonstration was Phase 3 of a maiti-phase feasibility study. The
first two phases of the feasibility study determined that the minerals contained n dredged
sediments could form a stable glass, and that the variability of mineral concentrations along the
lower Fox River appeared to be within acceptable ranges.

i

During a demonstration dredgmg
project, the Wisconsin DNR
containerized approximately 60
tons of de-watered, contaminated
river sediment. The DNR
contracted with Mmergy for the
design, construction, and
operation of a pilot melter, to
melt the sediment into a glass
agpregate.

The melter evaluation was
performed at Minergy’s
GlassPack Test Center in
Winnocoonne, Wisconsin, A
demonstration-scale melter was
constructed, with operation of the
melter from May to August,
2001, The pilot program was
designed to confirm that the
technology can destroy POB
contamination, stabilize trace
metals, and convert the mineral
content of river sediment into an
inert, marketable construction
material.

Under SITE program, the fate of
PCBs and other compounds
within the river sediment were
monitored during the processing
and melting of the river sediment.
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MINERGY CORP, SEDIMENT MELTER
SUMMARY REPORT

SYSTEM DESIGN

Phase 11 of the project included construction and operation of the sediment demonstration
melter, and subjected to the monitoring by U.S. £PA SITE program. This phase was performed
at Minergy's GlassPack Test Center in Winneconne, Wisconsin.

‘I'he pilot melier is designed to simulate a full-scale production melter for the generation of glass
agpregate from sediments. In order to adequately produce a model, some assumptions have been
made with regard to the full-scale melter in accordance with typical glass operating practices.
The pilot melter is scaled down from the full-scale meiter and has been designed to operate in a
manner which would suggest design features for most major elements of the full scale melter.

Pilot Melter Characteristics

“Aﬁpect Ratio 2:1

Area 10 sq 1l

Melting Rate 5.4 ft.%ton

Dwell Time 6 hirs,
(ias Usage 1.7 MM Btw/br.

Oxygen Usage | 35 ccth

- MM Biw/Ton 20.9 mmbtw/ton

Ontput 2 tons/duy

Several features were meorporated to the
standard melter design in order 1o best
suit this application. These
modifications include:
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MINERGY CORP, SEDIMENT MELTER
SUMMARY REPORT

= The use of a water quench system to
quickly harden the molten glass and
increase the inert characteristics of the
final product, Glass melters typically
use annealing or other slow-cooling
products to enhance glass clarity and
other product gqualities. These product
features arc not significant in the
manufacture of glass aggregate because
its final use is as a construction product
where glass clarity 15 not necessary.
Molten material is drained from the end
of the melter into the water-filled
quench tank. An inclined Y-inch steel
plate, cooled by a constant water
stream, directs falling liquid aggregate
into the quench tank.

«  Aninclined scrow conveyor removes
hardened aggregate from the quench
tank. The conveyor's hopper is
gubmerged m the quench tank. The
auger moves the aggregate out of the
quench tank mmto barrels,

+ The melter has eight Split-Stream oxy-
fuel burners to approximate the burners
that would be used in a tull-scale melter.
The melter is oxy-fuel fired to utilize the
B.A.C.T. for NOx emissions and
reduced particutate,




MINERGY CORP. SEDIMENT MELTER
S5UMMARY REPORT

» The pilot meler 15 10 square
feet with a 2:1 aspect ratio.
The materials selected are
typical for soda-lime glass
operations in an oxy-fuel
environment. Six mches of
extra sidewall has been added
to the height to accommodate
organics contained in the
sediment feedstock. The glass
quality is adequate with 6
hours of dwell time, so it runs
a shallow glass level.

» The flue is focated in the front
of the melter, which i3 not the
traditional location for oxy-
fuel furnaces. This is done so
that any fine particulate that
becomes entrapped nio the
exhaust gases will have the
maximum time in the furnace
to allow these particulates to
be melted, or minmmzed.

=« The melter was designed and
built under a contract with
Frazier-Simplex of
Washington, Pennsylvania.




MINERGY CORP. SEDIMENT MELTER
SUMMARY REPORT

+ The pilot melter is controlled by
control loops to the melter and
forehearth. The control loops use
thermaocouple signals to maintain
a constant temperature by
automatically adjusting the gas
and oxygen for each zone. The
control panel contains two single
loop controllers, two digital gas
flow meters, two digital oxveen
flow meters, six digital
temperature meters, status hights
for the main fuel train, E-stop,
alarm horn, and alarm silence
push button.

< Baoth the pas snd oxygen skids
have essentially the same safety
syster. A strainer is utilized prior
1o a pressure regulator. A
high/low pressure switch 1s tied to
the double block automatic shut-
off valves, A differential pressure
switch is used to determine flow
through the systern. This 15 4
safeguard against injecting raw
natural gas or oxygen into the
furnace. If flow is lost on either
natural gas or oxygen, the skid
shuts down that zone. Each zone
is then automatically controlled
for gas and oxygen flows via a
signal from the mass flow meter to
a control loop back to an
automatic valve.
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MINERGY CORP, SEDIMENT MELTER
SUMMARY REPORT

« Refractory selection has been
developed for this pilot melter
based on the heat flow analyscs
for each construction type. These
are used to insure that none of the
materials is placed in temperatures
beyond their capability and to
determine the total heat loss of the
entire systetm,

« The use of refractory selected by
cvaluating the abrasive qualities of
the molten sediment. (Glass

products vary according to the
chemical makeup of the feedstock.
After the June run, an inspection
of the Inside of the forehearth
verified that the refractory
material at the glass line was
seetng significant wear, The
melter was relined with a higher
grade refractory in place of the
mullite originally installed in the
melter for the August run.

+ Startup of the melter is performed
graduatly over 36-48 hours. A
separate, dedicated warmup
burner is used to raise the
temperature of the melter to
approximately 1400 degrees F.
After this temperature, the main
burners are used to reach final
temperature target of 2,900
degrees F.

»  The melter uses a “shallow™ glass
ling, Glass melters typically have
deeper pools of glass ingide the
melter, taking advantage of the
tow opacity of the glass being
produced. Molten sediments are
quite opaque, thus reducing
encrey transfer by radiation,
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MINERGY CORP. SEDIMENT MELTER
SUMMARY REPORT

«  Sediment is fed in on one end of the
meker theough a water-cooled screw
charger. The charger is a standard screw
hatch charger that has been used all over
the world for charging bateh in glass
furnaces, The screw charger was chosen
due to the ability to tightly seal the
charging hopper to the charger and the
charger to the furnace. This minimizes
dusting of the raw matenal feedstock.
The charger is similar in size o that
which would be used in a full-scale unit.
It has been retrofitted with a small screw
barrel and tlights tor the pitot melter,
This charger can be reused for a full-
scale melter by modifying the barrel and
flights. A variable-speed drive allows control of the
feed rate.

«  Negative pressure and air filtration is placed on the
feed hopper during charging operations to control
dust.

«  The melter design capacity is 2 tons per day or 170
pounds of river sediment per hour. The sediment
bags weighed approximately 30 gross pounds, so the
feed rate was between four and five bags per hour.
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MINERGY CORP. SEDIMENT MELTER
SUMMARY REPORT

« Anextraction
probe is used to
cool the hot gas
from the melter
exhaust af a
controfled rate.
The rate of
cooling would be
equivalent to the
heat recovery
systems installed
on a full scale
melter system.
The scction of the probe which is inserted into the melter 1s
contained in a water-cooled jacket, and 18 hung from a rail
that allows it o be inserted into the stack for westing, then
removed when testing is not taking place. A cleanout port
is placed on the back end of the probe, and a brush and rod
are used fo manually clean out particulate butldup within
the probe.

«  Sampling ports are Jocated before the
condenser and after the carbon filter, to
allow connection of air testing equipment.

« Piping connects the extraction probe to a contact
packed tower condenser. An mduced draft fan
pulls the exhaust gases through the tower
condenser, and then through a carbon barrel,
hefore discharging the air stream out of deors.
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MINERGY CORP. SEDIMENT MELTER
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2)

4)

CONCLUSIONS

The demonstration project
determined that river sediment
melts easily at high temperature
into a hard, angular aggregate,
The melter worked well with thig
type of feedstock, and the end
product appeared consistent and
marketable. When river
sediment was bemg fed into the
melter, temperatures within the
melter were maintained between

2600 and 2900 degrees F.

The demonstration clearly
showed that sediment will
successfully create a quality
rlass aggregate material using a
glass furnace. The properties of
the glass aggregate product were quite positive. The aggrepate was very consistent,
produeing a hard, dark, granular material.

Conclusions Drawn From Results

PCRH
a) Met the "six nines" criterion for stack basis Destruction Removal Efficiency
by Trestment efficiency wag 90 990488%

Dioxin

a) No 2,3,7.8 TCDD was detected in the stack cither before or afier the carbon filter

b}y Greater than 99.9% removal of dioxins/furans
both before and after the carbon filter

Mercuty
a) No mercury was detected after the carbon filter
b} Removal efficiency was greater than 99.9%

(ilass Aggregate

a) Leach test showed no-detect or no signiticant
levels of any test parameter

by PCB mass was less than that found in TS,
food supply and were not bivavailable
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1.0

1.2

1.3

INFERPRETATION OF PROJECT RESULTS

Six Nines Destruction Removal Efficiency (TYRE),

Backaground, Section 40 CFR 761.70 of federal environmental regulations
sets forth requirements for processing PCB waste in a commercial facility.
The requirement states that the mass air enussions shall be no greater than
0.001 gram PCB out per kilogram PCB in. Calculating the corresponding
DRE by substituting 1000 grams for 1 kilogram, the "six nines" are derived:

DRE = (Wi, » W)/ Wi x 100%

DRE = (1000.0 - 0.001) / 1000.0 x 100%

DRE = 99.9999%
The six nines are attributable to the six digits behind the decimal point in the

decnmal equivalent of a percentage (ie, 0.999999 = 99 9999%).

Calewlation of the GFT's 8ix Nines DRE. The GFT demonstration met the

Six Nines DRE. According to the EPA SITE report, the PCB concentrations

were;
Sediment Entering Melter 27.8 parts per million
I'lue Gas Exiting Melter 0.00000351  parts per million

Using the DRE formula,
DRE = (Wi, - W)/ Wi, x 100%
DRE = {27.8 - 0.00000351) / 27.8 x 100%

As cun be seen, the GFT achieved grearer than the six nines reduction.

Discussion on ITER Treatment Efficiency. The U.5. EPA SITE Innovative

Technology Evaluation Report calculates a Treatment Efficiency (TE) of the
demonstration project of 99.9995%_ It should be noted that the TE is not the
same as the DRE specified in 40 CFR 761.70. Instead, the TE was calculated
by summing the PCEB concentrations of the flue gas, the quench water, and the

glass aggregate.
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2.0

2.1

2.2

2.3

Full Scale Trnplementation Expected To Be Even Better.

Quench Water. In a commercial facifity, the aggregate tank quench water will
be treated prior to discharge to the wastewater treatment plant. 1t s hughly
probable that the source of residual concentrations was small particles of glass
aggregate suspended in the quench water. The combination of pre-treatment
and wastewater treatment will be very effective in removing the suspended
Glass Aggregate from the quench water. Therefore we would expect quench

water PCB concentrations to be even lower in a full-scale system

Pust in Exhaust Cias, As indicated in the EPA report, the sample probe used

for exhaust gas measurement was subject to accumuliations of sediment dust,
In a full-scale facihity, a particulate control device would be used. No control
device was used in the demonstration dug to cost constraints. Devices of this
sort are commercially available and are highly efficient at removal of dust.
The collected dust would be re-directed back into the melter for treatment.
Therefore we wonld expect the exhanst gas PCE concentrations to be even

lower in a full-scale instatlation.

Residence Time. The melter used in the demonstration project had a 2 second
gascous residence time. The design of a full scale melter would allow for a '
gaseous residence time of 16 seconds. This longer residence time would be
expected to significantly increase the destruction efficiency over that which
was seen in the demonstration. Therefore we would expect the exbaust gas

PCE concentrations to be even lower in a full-scale installation.
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3.0

31

33

Glass Avgregate Product 1s Very Lnert.

Non-Leaching. As indicated n the EPA report, the PCBs in the Glass
Aggregate were non- leachable for all tests, including those done on CGlass
Aggregate that had been finely ground. This is because the PCBs have either
been destroyed or have been permanently stabilized in the ceramic matrix of

the glass.

Not Bioavailable. As indicated in the attached Risk Perspective Toxicologist

Report (issued as part of this section of Vendor Claims), PCBs in the Glass
Aggregate are non-oavailable and do not represent a health nisk. The
Toxicologist Report also shows that the PCBs detected in the Glass
Aggregate are below background concentrations and are less than most

foodstuffs in the American diet.

Exemption from Wisconsin DNR. The Wisconsin Department of Natural

Resources has reviewed the EPA SI'TE report and the resnltant data on the
inertness of the Glass Aggregate. They have concluded that "the beneficial
use of processed river sediment, as proposed, and in accordance with the
conditions of this approval, will not result in environmental pollution.” The
WDNR has provided an exemption from all Wisconsin solid waste regulations

for the Gilass Aggregate,
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A. INTRODUCTION

In 2002-3, U.5. EPA conducted an innovative technology evaluation of Minergy Corporation's Glass
Furnace Technology (Feb. 2003). This technology is a proposed ex sity remediation technology that has
been designed to treat riverflake sediments contaminated with inorganic and/or organic materials. The

product from the process is a black glass aggregate, comprised of particles the size of coarse sand,

As part of this U.5. EPA study, analytical testing was conducted on both the process input material
(sediment) and s owtpui product (aggregate). These data from the study indicated that there was
=09 99% PCB and PCDD/PCOE" destruction, and that all chemical residuals that were remaining in the
aggregate were non-leachable. Among other analytes, residual PCBs and PCDD/PCDE were identified
in the glass aggregate. To put the residual concentrations of these specific analytes in the glass
aggregate in perspective, Minergy Corporation contracted with 3TS Consultants, Ltd, to conduet a risk
analysis on the material. Also addressed in this study was the residual PCB concentration detected in the
process guench water,

The approach taken in this data interpretation study was to compare the residual PCB and PCDD/PCDE

soncantrations in the glass aggregate and PCB concentrations in the guench water {o:
+ typical background levels of these substances in the environment,

« risk-based remediation goals used in slateffederal Buperfund/RCKA programs, and/or

» other state guideline/rule concentrations of these chemicals.

B. GLASS AGGREGATE

Analytical Data

Shown in Table 1 are the residual PCDE/PCDF and PCB concentrations in the glass aggregate, as
obtained from Table 45 of U.S. EPA’s draft Innovative Technology Evaluation Report (2003).

" PCDD/PCDF = polychiorinated dibenzo-p-dioxinsfpolychiorinated dibenzofurans.
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PCRREGDE

Az iz shown in this {able, the range of residual PCOHIYPCDF {n total TCDD equivalents) in the aggregate
was 0.1123 - 0.1565 pg/g, assuming each congener is present at its detection limil. The average
concentration from the four samples using this conservative approach is 0.1376 py/g. I the non-detected
analytes were considered 1o not be present in the material, then the PCDD/PCDF concentration would be
zero in three samples and 0.1565 pg/g in one sample Averaging these values leads to & mean value of
0.0381 po/y.

PCBs

Also shown in Table 1 are the residual PCB results on the glass aggregate. As is avident, there was a
wide range of total PCB concentration within the samples. The range reported in the study was <26-1240
pg/g. The average total PCB concentration of the six samples (again conservatively assuming that the
non-detectad value was present at this detection limit) was calculated to be 414 pgfy.

Risk Analysis

To put the residual aggregate PCB and PCDD/PCDF data into perspective and to provide a qualitative
risk evaluation of the glass aggregate, §T5 performed a comparison of the analytical data in Table 1 to
s0it background concentrations of these compound groups, {o risk-based soil cleanup goals, and fo
background concentrations of these compounds in various foodstuffs. Also, the PCB concentration was
compared to biosolids concentrations acceptable for landspreading in Wisconsin.

The foodstuft PCDIYPCDE concentrations listed in Table 1 were taken from Schecter eb al. (1997).
These investigators measured PCDD/PCOF in pooled food samples that were collected in 1995 at

supermarkets acress the Unitad States.

PCDRIRCDE

As can be seen in Table 2, the glass aggregate PCDD/PCDF concentration is considerably less than
typical s0il background levels of these compounds and considerably less than typical risk-based cleanup
goals for soils, calculated to be protective of human health,  In fact, the glass concentration of
PCDD/PCDF is less than most foodstuffs in the WS, diet, Also, i is important to note that since these
residual compounds were found to not be jeachable from the glass aggregate, they will nol be
hipavaitable, i.e., in a form that could be absorbed inlo the body, even if an individual such as a young
child were to incidentally ingest some of this material. They also would not be bicavailable to fish and
other agquatic life if the material were {0 be rainfroduced back into a surface water systemn, Le., as a

sediment capping material.
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Based on the above comparisens and analysis, it can be concluded that the residual PCDR/PCDF in the
glass agaregate are at very low levels and will not present a significant risk to human health or the

anvironment.

PCHs

As can be saen in Table 2, the glass aggregate PCB concentration is considerably fess than typical risk-
based cleanup goals for soils, calcutated {0 be profective of human health, and {ess than Wisconsin
DNR's sail criterion to be protective of wildliife. The residual PGB concentrations are also much less than
typical biosolids concentrations that WDNR has approved for landspreading. The glass aggregate
residual PCB concentration is less than or in the range of many of our foodstuffs in the U5, diet. Alsc, as
with the PCDD/PCOF, the residual PCBs in this glass aggregate were not found to be leachable.

Based on the above comparisons and analysis, it can be concluded that the residual PCB in the glass
aggregate are at low levels and will not present a significant risk to human health and the environment.

C. QUENCH WATER

Analytical Data

Shown in Table 3 are the concentration data for PCB in the process siream quench waler, These dala
were cbiained from Table 4.7 of U8, EPA's draft Innovative Technology Evaluation Report (2003).

As is evidert, only two PCB congeners were found. The total PCB content in the water varied from
<0.500 ng/l. to 1.09 ng/L. Assuming that the non-detected total PCB values were present at the reported
detectian limits, the average PCR concentration from these six qnench water samples was 0.615 ngﬂl i
the non-detected values were assumed to not be present in these samples, then the average

concentration is 0.365 ng/l.

Risk Analysis

To put these residual PCB data into perspective, a comparison was made to the State of Wisconsin's
Groundwater Standards.  These slandards have been developed o be protective of human health,
assuming an individual ingests groundwater dailly (as drinking water) throughout their lives, The WDNR's
enforcement standard for PCBs is 30 ng/l; their Preventive Action Limit is 3 ng/l.. it is therefore apparent
that the residual FCB concertration in the process quench water, 0.365-0.615 ng/l is well below these

safe drinking water exposure levels.
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Since this process guench water would never ever be utilized as a drinking water source and will be
treated prior to discharging to a sanitary sewer system (Minergy, personal communication). it can be

concluded that the residual PCB in this water will not present a significant risk,
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Table 1: Glass Aggregate
Analytical Data (pg!g)A

A, PCDD/PCDF

M-G-01
Congener Result TEQS TCDD Equivalent
1,2.3.7.8-PeCDD <0, 151 0.5 0.0755
1,2,3.7,.B-PeCDF <0.0684 0.05 6.0034
2,3.47.8-PeCDF <0.0668 0.5 0.0334
TOTAL 0.1123
M-G-02
Cangenear Result TEQ” i
1,2.3,7.8-PeChD 0.173(J) 0.5 0.0865
1,.2.37,8-PeCDF 0.149(.) 0.05 0.0075
2,3.4.7.8-PeCOF 0.125(J) 0.5 0.0625
TOTAL 0.1565
M. 3-03
Congengr Resuit TEQR [CDD Equivalent
1,2,3,7,.8-PeChD <0.165 0.5 0.0825
1,2,3,7 8-PeCOF <0.0826 .05 0.0041
2.3.4.7.8-PeCOE <(.0806 0.5 0.0403
TOTAL 0.1269
M-G-04
Congener Result TEQ" TCOD Equivalent
1.2.3,7.8-PeCDD <0.189 0.5 0.0945
12,37 8-PeCDF <0.111 0.05 0.0056
2.,3.4,7.8-PeCDE <0.109 0.5 0.0545
TOTAL 0.1546
B BCBs
Sample PCEs (total
M-G-01 790
M-G-02 <26
M-(-03 58
M-G-04 27
M.-G-05 1240
M-G-06 345

A Data taken from Table 4.5 (Drafl ITER, Minergy Corporation, Fab, 2003)
B muman Health Risk Assessment Protocol for Hazardous Waste Combustion Facilities, U5, EPA, 1998,
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Table 2: Comparative Data

A, PCDD/PGDF

B. PCBs

Mean vaiue
Taken from UDRSA (2000) - www.mindfully. org/Foad/Diaxing-Feod-Chain-USDAZ000.him
www. nutrifor, cor/dioxin_facisheet him
Schacter, A et gl (1997) Chemosphere 5-7, 143747,

Minergy's Glass Aggregate

freshwater fish®
butterE

hot dog/bologna’
ocean fish
cheese

bee B

[TaTe L

ice cream
chicken®

pmrke

mitk®
vagetables, fruits, grains, legumezsB

anil {hackground)”
soil {risk-based remediation goal
for residential land use)

Minergy's Glass Aggregate

fresh fish®

hot dotg/bologna“

butter

ocean fish”

chicken”

bere

porkD

chaage

©g0s . . il
vegetables, fruits, grains, legumes”

soil {risk-based remediation goal
for residential land use)
soil (WDNR wildlife criteria)

Wi Proposed PCB landspreading rule {(2002)

bipasolids
+  BO% municipalities
= median concentration
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Concentration (pg/q)

0.04 - 0.14" (0.11-0.18)

1.43
1.07
0.54
0.47
0.40
0,38
0.34
0.33
0.32
0.32
012
0.07

5.00 (0-57)

20.00-200.00

414" (<26-1240)

7481
3027
3234
1758
1040
Q80
879
584
212
159

120,000 - 1,200,000
1900

=00,000
150,000
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Table 3: Quench Water Analytical Data {ng/L)"

PCB Congener
Sample
M-OW-01 M-QOW-02 M-QW-03 M-QW-04 M-OW-05 M-QW-06
8-diCB ={).500 0.513 «{2.500 ={},500 ={).500 <0500
18,{30)-TrCB 0.563 0.575 <{).500 £.53% =0.500 <0.500

A Data taken from Table 4-7 (Draft [TER, Minergy Corporation, Feb. 2003)
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APPENDIX C

Flazen Research Inc. Holoflite® Dryer Demonstration Results
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HAZEN RESEARCH INC. HOLOFLITE* DRYER DEMONSTRATION RESULTS

January 9. 2001 Dredged-and-dewatered sediment was delivered to the Hazen Research, Inc. (Hazen),
facility in Golden, Colorado, in four 55-gallon drums. The tackiness of the sediment hindered its flow
through the feed hopper of the bench-scale deyer. Afier drying a portion of the sediment from one drum
in a drum dryer, Hazen workers mixed dried sediment with dredpged-and-dewatered sediment, using a
coning-and-quartering technique. This technigue was used Lo oblain an optimal moisture content for

introducing sediment into the dryer,

January 13, 2001, Experimentation with dredped-and-dewatered and dried sediment continued in an
effort to determine the right blending of material for feeding into the dryer. Work centered on the
sediment in the second drum (barrel), designated Barrel 2, which, atter removal fiom the barrel, was
coned and quartered several times. The sediment was wetter than that from Barrel | and required more

dricd sediment to obtain the tight consistency, Mixing was accomplished with a pug mill,

January 16, 2001, The remainder of the sediment to be used in the Heloflite®-dryer test was mixed
through the pug mill to get a seitable consistency. The workable sediment was re-mixed in the pug mill

and placed in plastic bags for the bench-scale test.

Overall, three drums were prepared for the Holoflite” -dryer test. One-and-three-eighths barrels of the
Preg 34 8

wet soil was oven dried and remixed with onc-and-five-gighths barrels of wet soil in the pug milk

Tapnary 22 2001, Joe Dauchy, Ken Brown, snd Ken Partymiller (Tetra Tech FM Inc); and Bob Panlson
(Wisconsin Department of Natural Resources [WDNR) arnved at Hazen and met Dennis Johnson
{Hazen) at 10:30 am. Mr. Johnson took everyone present on a tour of the Hazen facility, Marta Richards
{118, Environmental Protection Agency [EPA}) arrived and noted the need for a meeting (o discuss the
mixing that had oceurred during the previous week and the sampling proposed for the current week. It
was decided that the sampling should be reduced 1o six runs (from eight) because of time constraints,
Also, the numbers of dioxins and farans, semivolatile organic compounds (SVOCs}, and metals analyses
were reduced, because they were not associated with the primary objectives, The sample-labeling
profocol also was discussed, The sampling-and-analysis planning document discusses the sampling and

analyses for the deyer test. The samples were fabeled as follows:

HZ - Hazen Dryer Test
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11 - Baich #1
s1 - Sediment in

S0 - Sediment out

Example: HZB3ISO = Hazen dryer test of Batch #3, Sediment Out

Sampling supplies were unpacked and shipments from laboratories were checked to ensure that

everything had arrived.

January 23, 2001. Terry Carroll (Minergy) arrived today. Mr. Johnson (Hazen) stated that the balance
used o measure the sediment going in and coming owt of the dryer is calibrated every month by an
outside contractor. The dryer was warmed up and ready (o start at 9:00 am. Mr. Dauchy monitored the

operational parameters {temperatures) of the dryer.

Run #1 began at 9:00 am and ended at 11:00 am One “run”, or batch, consisted of sedinent running
through the dryer over a 2-hour period. Weights of the grab-and-composite soil samples collected from
gach run were entered in field logbooks. About 200 grams {g) of pre- and post-dryer samples were
collected every half-hour during each run. Composite samples (pre- and post-dryer) from each run
provided enough maerial for potychilorineted biphenyl (PCB), dioxin and furan, 3VOC, and metals
analyses. Samples were containerized and put in the appropriate coolers for shipment to Kemron
Finvironmental Services {Kemron) in Marietta, Ohio, and Paradigm Analytical Laboratories (Paradigm) in
Wilmington, North Carolina. All of the condensate was collected and weighed for each run. At the end
of the run, the condensate was poured into sample containers for PCB, dioxin and furan, 8V OC, and

metals analyses. Runs #1 through #3 were conducted and sampled.

January 24, 2001, Run #4 bepan at 8:00 am Pre- and post-dryer sediment and condensate were sampled
for PCE, dioxin and furan, SYOC, and metals analysis. Videographers armived o videotape the process,
Mr, Paulson took several samples of the dried sediment and shipped them 1o the Wisconsin State
Laboratory for analysis of PCBs. The Holoflite® dryer was drying sediment 1o approximately 5 percent
moisture, Runs #4 through #6 were completed and sampled today. Run #6 was lengthened by 45
minutes to collect additional water for a duplicate and matrix spike/matrix spike duplicate (MS/MBSD) {or

SVQUC analysis.
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Junuary 25, 2001, Mr. Dauchy and Mrs. Richards discussed and approved collection of one set of
gamples for a single run (Run #7), in case the operational parameters of the dryver were different from the
previous 2 days. Run #7 started at 10:30 am and ended al 12:30 p.n. Operational temperatures were
recorded throughout the day.  Samples were containerized and shipped to Kemron and Paradigm,

The following tables summarize the analytical results of sampling conducted during the Holoflite®-dryer
demonstration, Table C-1 summarizes the Sediment-In sample analytical results. Table C-2 summarizes
the analytical results of the Sediment-Out composite samples. Table -3 contains the analytical results of
the condensate samples, and Table C-4 summarizes the aie-sample analytical results. The data mdicate a
significant increase in PCB and dioxin and furan concentrations from pre-dryer to the post-dryer samples.
increases in metals and SVOC concentrations were not observed from pre-to post-dryer samples,
Analytical results exhibited detections of some PCB congeners in the air and condensate samples
collected during the dryer demonstration. This was probably attributable to carryover of sediment dust

from the dryer chamber to the air stream exiting the dryer.

Ahout 25 PCB congeners were specified to the Iaboratory for analysis. This list was based on toxic
congeners listed by the World Health Organization. The 23 congeners analyzed did not correlate well
with the congeners discharged 1o the Fox River. Total PCB values for each sample were not requested
and therefore were not provided by the laboratory, A comparison of the PCB results (for both individual
congeners and total FCBs) for the dredeed-ud-dewatored sedinment aud previous results obtained by the
WDNR could not be made. The designated high-resolution analytical method (EPA Method 1668) (EPA
1997 was inappropriate for the elevated levels of PCBs in the sediment (parts-per- mitlion range). Many

of the analytical results exceeded the calibration range and thus were estimated.

Based on the results of the Holoflite™-dryer demonstration, it was decided that the dryer test was flawed
by the carryover of dust into the air and condensate stroams, as well as the congener incompatibility in the
dryer test and the melter test,  In addition, the increase in PCB and dioxin and furan concentrations in

dried sediment conld not be explained.

135



TABLE C-1

HAZEN HOLOFLITE* DRYER COMPOSITE SEDIMENT-IN SAMPLE RESULTS

Total PCI3s* 2.6 31 8.2 8.0 9.5
Total PCDDs/PCHDFs” (0062 - - .024 0.016 -
Arsenic 9.7 9.3 43 9.2 9.6
Barium B4 85 78 83 83
Cadminm 095 1094 0.95 .95 1.0 1.0
Chrominm 37 40 36 39 37
Mereury 0.91 0.89 0.92 0.88 0.87
Lead 71 73 75 ) 74
Selemium 4.5 33 41 47 472
Silver =31 3.2 <32 3,1 3.1
Total SVOCs 03 - ={).26G (.26 0.3

Note: &

POHEs = Polychlorinated bBiphenyls, Total PCBs are based on the swm of 23 congeners

1ot sammpled

SVOCs = Semi-volatile orgamc compounds

PCDDs/PCDEs =~ Polychiorinated dibenzodioxins/Polyehloninated dibenzofurans




TABLLE C-2

HAZEN HOLOFLITE" DRYER COMPOSITE SEDIMENT-OUT SAMPLE RESULTS

Total PCBs? 14 i4 k2 14 14 {4
Total PCDDs/PCDERY 0.047 - - 0.055 0.054 -
Arsenic 8 1.5 7.9 8.3 7.8 8.6
Rarium 81 81 83 77 73 80
Cadmium 0.9 $.91 (1L.8%9 (.95 094 1.0
Chromium 37 37 37 34 34 37
Mercury (.89 (.94 0.8 0.82 0.87 0.84
i.ead 0 68 69 72 67 73
Sclenimm 5.4 5.5 4.8 5.1 6 H.3
Sitver <2.1¢ “2.1 2.2 =21 =21 =21
Total SVOCs® 2.3 1.8 - 2.7 2.5 1.4

Note; &

b I

¢ « = ot sampled

d = lgss than

e SVOCs = Semi-volatile organic compounds
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PCBs = Polychiorinated biphenyls. Total PUBs are based on the sum of 23 congeners
}CDD/PCDFs = Polyehlorinated dibenzodioxins/Polychlorinated dibenzofurans




TABLE C-3
HAZEN HOLOFLITE” DRYER CONDENSATE-OUT COMPOSITE SAMPLE RESULTS

Total PCBs* .33 6.47 .21 0.30 .50 0.57
Fotal PCDIYPCDEs 4.0x10° -° - 7Ax 10 | L7x10° | Lax o’
Arsenic .04 (LOER - 0.026 1021 -
Barium (.016 0.023 - 0.015 (L014 -
Cadmium ()01 ¢ ={1 01 - {30 =01 -
Chromium <0.02 =302 - =(h(12 ={1.02 -
Mt“:rcury 0.0003 (.00023 - =(.0002 .00023 -
Lead =(1003 0.009 - 0.0061 0.0077 -
Selenium =004 =(.01 - {301 =0.01 -
Silver (.01 ={.01 - ={L01 (.01 -
Total SVOCs ¢ 0.22 0.23 - 0.15 0.21 6.29
Note: a PCBs = Polychlorinated biphenyls. Total POBs are based on the sum of 23 congeners

b OB/ TCDEs = Polyehlornnated dibenzodioxins/Pelychlormated dibenzofurans

c - = not sampled

d <= Jess than

SVOCs = Bemi-volatile orpanic compounds

L
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TABLE C4
HAZEN HOLOFLITE® DRYER AR SAMPLE RESULTS

3a0le7 1.4

En
L

3aoz7e 1.

[35)
L

300272 1.

—]
A

3046274

=
3
oy

I027T

o
LA
e

360280

[
e
a3}

300283 B2

300285 64

Jo0zg7 220

308289 158

300291 207

300293 115

30319 <0004 " | <0.01 <{3itl <r02 <GO002 | <0005 <01 <3.01

30320 <(1.004 <001 <81 <grG2 <Q.0002 | <0003 <01 <rLO

306323 0023

o3z <f.0002




308323 <0002

304327 <0002

304328 <(r004 <30 <141 <(.82 <QOO03 | <0003 <0.01 <3
308329 <0064 <(0.01 <(r01 (.02 <QOB3 | <0005 <(.01 <001
308330 G048

30e331 <502

309332 < {334 <{3.01 <01 <(3.02 <Q0002 | <0003 <001 <301
300333 <0002

3H334 <1004 <0401 RIRH <{1.02 <0004 | <0008 <001 <301
JG0335 <{3.004 <01 <001 <(h02 <0002 | <6005 <{(r.01 <}il
380336 <003 <01 <0 <thiiz <QO003 ¢ <0605 <01 <01
300337 <1004 <i).01 <181 <32 Q0003 | <0005 <001 <1
300338 0.038

380335 <{3,0002

380340 <(1.004 <01 <3 <(h02 <0003 | <005 <01 <}t
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£41

360341 <(.81 <002 <{3 8002 <01
300342 01z
308343 <0002
Notes: a I = ldentification
b PCBs = Polychlorinated biphenyls. Total PCBs are kased on the sum of 23 congeners.
C poim = parts per miilion
d PCDDs /PCDFs = Polychlorinated dibenzodioxins/Polvchlorinated dibenzofurans
e ng = MNarogram
f SVO(s = Sernivolatile organie compounds
z wg = Microgram
h
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APPENDIX D

Wisconsin Administrative Code Chapter NR 538
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1641

DEPARTMENT OF NATURAL RESOURCES

NR 538,086

Unofficial Text (See Printed Volume)., Current throngh date and Register shown on Title Page.

Chapter NR 338
BENEFICIAL USE OF INDUSTRIAL BYPRODUCTS

Prarpise,
Appicabidity.
Definitions,

oo, wlforckaes

MR SMI0 Repeficial uses,
NR 33802 Beneficial nses for specific catcpoties of dustrinl byproducts.
INR 33K 14 Hapoting.

Ml 438 16 Bhaaenge sl fran

aridi e reed|nivie oG

Sokid waste mles EXETRON, NE 338,18 Fublic participaricn.
X Jncusirial hyprndl,u.:i ( (PH MNE 34520 nvironmental MALring,
NE 338,08 Tasdustrial byproduct categories. NE B3I Property ownes oot fication.
NR 538.01  Purpose. The purpose of this chapter is {3} A detrimental effoct on any surface water.

jow and encoursge 1o the maximun extent possible, consistent
with the protection of public health and the environment and good
vrgioee iy practices, U beaclicial vse uf iadustial By pooducts
in a nuisance-free manner. The department encowrages the bene.
ficial use of industrial hyproducts in order [ preserve resources,
conserve energy, and reduce or eliminate the need o dispose of in-
dustrial byproduots in fandfHs. This chapter is adopted andes ss,
289,05, 28906, 289,43 {4), (7) andd (R), Stas. snel 227,11, Staty.
History: Cr. Register, Decambuer, 15997, No. S04, off. 1198,

NR 538.02 Applicability. (1) Except as otherwive pro-
vided, this chapter poverns the benefictal use of industrial byprod.
ucts, except hazardous waste and metatlic mining waste.

{2) This chapter does not apply (o the design, construction o

operation of industrial wastewater Tacilities, sewerage systems
and waterworks treating ligwid wastes approved under s, 28141,

Stats.. or peravitied under ch. 283, Stacs., nor o factitics used sole

by Lor the disposal of liguid muanicipal or industrial wastes which

have been approved under s. 28141, Stats., or permitted under ch.

283, Btats., excep! taciities used 10r the disposal of solld waste.
Maobe: The: landspreadisg, of wasewater rearment stodges iz wegulaced under ehe.

NE 206 aned 214 The fandsgreading of sobid wastes is regulaed andes oh, MR 518,
History: Cn Repister, Decembar, 1997, No, 504, off, 1-5-9%,

NR%38.03 Definitions. The following definitions as well
as the definitions in ch. 289, Stats., and 5. NR 500003 are applica-
b Lo the terms osed in fhag chapter ualess the context regquires
utherwise,

{1) “Basecourse” means the layer or layers of specified or se-
tected material of designated thickness placed on @ subbase or
subgrade (o support a pavement or other stricture.

{2) “Industanl byproduct™ means papermill sludge, coal ash
including slag. foundry excess systemn sand, foundry sl g
nes~haardous solid waste with similar charsclernst
mined by the department.

{3) “Residential area™ means properties that are roned as resi-
dential, are in arces planned for residential 2oning under a master
plan approved or adopted by 4 local maunicipal authority or those
portions of properties on which there is a residence for buman
habitation that are within 200 fee of the residence,

(4} “Subbase” means the fayver or layers of specified or se-
lected material placed on o subgrade to support o base course,

() *'Subgrade” mesns the top soil surface upon which a sub-
bage: or base course are placed.

(6) “Subgrade G means the layer or layers of mterisl
placed above the natural ground surface to achicve a subgrade.

History: . Repister, Decenther, 1997, Mo, S, eff, 1-1-95,

5wy deter

NR 538.04 Performance standards. No person may
store, handie or benelicially wse an inlustrial byproduct in a man-
ner thad may cause any of the foliowing:

(1} A significant adverse iapact on wetlands.

(R} A significart adverse impact on erifical habttat areas,
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{4} A detrimental effect on groundwader guality or will cause
or exdcerbate an sttainment of excecdance of any prevenive ac.
tion limit or enforgemend standard gt a point of standards applica-
tion as defined i ch. NR 140,

{8) The migration and conceniration of explosive pases in any
struciieres, ot in the soiks or air at or beyond the project property
boundary in excess of 25% of the lower explosive fimit for the
pases of any time.

(8) The erissions of any hazardous aie contaminant exceed-
ingrihe Bmitgdions for those scontaingd in s, NR 445,03,

Mode:  Phe placement of materils g Soodphiin wike on obilacion [ foad
Ilerws or an i o regionad flood event or anadverse alfect upor & deanige
cowrse 35 regulated snder o, NR 16,

Note: The emissions of particlates and volale ovganic conuonnds are regulited
unider s MR 21500 and chy, NR &19 10 424,

History: Cw Registor, December, 1997, Mo, 504, off, 194,

NR 538.05 Solid waste rules exemption, (1) Genes.
Al Persong who geterate, nse, transport or store industrial by-
procucts ehat are characterized and beneficiatly used in com-
phiance with this chaplor are exempt from licensing under s
289,34, Stats,, and the regulatory requirements in chs. NR 500t
536,

{2} Exigrive sxeMrrons. This chapter does not abrogate, o
scind or terminate an approval o grant of exemption in effcct on
January 1, T99% that was issued under . 28943 (7) or (8), Stats.
Nothiag it this sibsection Jinits the authority of the department
to modify, terminede oF rescind any approval or grant of exemption
48 provided fy faw.,

History: Cr, Register, December, 1997, Mo, 504, ofY. 1-1-98,

NR 538.06 Industrial byproduct characterization.
(1) CGrwnrar, Tndostriat byproduets that ave beneficiatly used un-
der s chapler shall be characterized as specified in this section
to determine their appropriate categonzation under 5. NR 538,08,
The results of this characterization shalf be reported to the depart-
ment as specitieding. NR 538.14. The testing program for mateni-
als not spectficatly Hsted in fables 1A to 3 shatl be approved by the
depariment pror (o characterization,  For those materiais not
fisted in tables TA 10 3 the department may modify the list of pa-
rumcters reguired (o be znalyzed for and may establish standards
on a material specitic basis for additional parameters,

{2) INFRIAL CHARACTERIZATION. A representative sample of an
inclustrial byprodoct shall be property characterized prior to bene-
ficial vse 1o determine s category under s, NR 538.08.

{3) CHaRACTERIZATION METHODS. () The Hmits of delection
usec in the characterization shall be at or below the concentration
tisted in tables 1A 10 3 for each parameter for the specific tarpet
calegory where possible, When a ot of detection at or halow g
targel category standard 15 not achicvabie, or i no concentration
is Hsted, the method that will achicve the Towest deieotion Hmit
shall be used. Al material sampiing, total clementad snalyses and
atalyses of elutriate from leach testing shall be performed using
LPA SW-B46 methods, unhess olherwsse approved by the depani-

Hoeplsien, December 1997, Mo, 504



NR 538,06
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Lincfficial "Text {See Printed Volume), Current through date and Register shown on Title Page.

ment, The mit of detection and the Jmit of quantitation shatl be
reported with the sample reselts. [T s substunee 1y delected below
the Timit of quamitalion, the detected value with the appropriate
gualifier shall he reported.

by Al industrial byproducts that are to be beneficislly used
under this chapter shall be determined not o be a hazardous waste
as defined uader 5. NR 600,03 (98) using 5 method specified under
ch. NR 6035,

(e} Al industrial byproducts which are chamctenzed o deter-
mine eligibility for category 110 4 under 5. NR 538.08 (1) 10 {4}
shatl be analyzed wsing the most recent revision of the ASTM
D3987 water leach test.

{1y Adl industrial byproducts which are characterized to deter-
mine eligibility for category 1 or 2 under s, NR 53808 (1) or (2)

shali be snalyzed using a total clemental analysls, unless another

anadysis method i approved by the department,

Note: Copies of EPA SW-R48 are available for ingpection atthe offices of the de-

partanent of nerural vesources, the sceetary of stae and the revisor of statutey. Coples
wury e obtained fram the metoial teehinieal infennntion servies, 8285 poel rivynl
annd, Springfield, Vir}_;m:u 2161 [hone 703 AR7-4000,
Note: ASTM-1I3987 is e Ametican society for tc%ting and maserints i
Ml for Shake Extraceion of Solid Wastes with Water.™ Capies o this test proce:
e e be phtaioed from the Americim socieny for wating, and materials (ASTM)
P v e Philadelphia, kg::llny|Vi!l[l.i PR TR (21 5) 299 5HK) (“-HP“’*-‘#
of vt tiethods ore also avaibabde for inspection m e offices of the deparsment,
the: secretary of state and the sevisor ol staides.

{4) RecHapacterizanos, (a) Industrial byproducts thal are
beneficiatty used under this chapt
the initial characterigation i ardance with this sootion, unless
the department approves an alternative recharacterization meth-
od, A representative sample af each industrial byprocuect shall be
recharacterized whenever there is a chienge sn e process that pro-
duces the incustrial byproduct that could result in g change of the
sategory of the indestrial byproduct.

(b A representative sample of cach category | industeial by-
product shali be recharacterized i the same manner as specified
for the initad chamearization onee each yesar. Rechuaracterization
is not required for wny calegory | industrial hyproduct of which
Joss than 1000 cubic yards were heneficially used or stored for
beneficial wse in the previous year.

{£) A represeniative sample of exch category 2 industriad by-
prociet shabt be rechuracierized in the same manner as specifiod
for the initial characterization once every 2 years. Recharacterizu-

tiom is not reguired for sy category 2 industrial byproduct of

whirh less thin 2000 cubie yards were beneficially used or stored
for heneficial use during the previous 2-yeuar period,

(d} A representative samaple of each category 3 industrial by-
product shall be recharacterized in the same manner as spec fied
for the inttial charactertzation once every 3 vears, Recharactenza-

lion is aot regaired for any category 3 industrial byproduct of

which less than 3000 cubie yards were heneficially used or stored
For benefictal use during the previous 3-year period.

{e) A represcotative sampie of each category 4 industrial by-
product shall be recharacterized in the same manner a8 specified
for the inilial characterization once every 3 years, Recharacteriza

tion is met required for any category 4 industrial byproduct of

which fess than 5000 cubie yards were beneficially used or stogad
for beneficial use in the previous S-year period.
Hisiory: Cr. Register, Decembar, 3997, No, 504, eff. 1-1-98,

NR 538.08 Industrial byproduct categories. The
categories of ndustrial byprogucts, characterized in aceordance
with 5, NR 538.06, for beneficisl use under this chapter are as fol-
fows:

(1) CATEGORY | INDUSTRIAL BYPRODUCTS. Indusirial hyprod-
uets that huve been determined 1o contain fess than the concentra-
tion speeilied {or the parameters Hsted in Appendix 1, Tabies TA
wkd 18, are category | indusitiab byprodicts.

(2) CATEGORY 2 INDUSTRIAL BYPRODUCTS. Incustriad byprod-
uels that have been determined 1o contain less than the concemra-

Repiswer. Decembwr, 1997, No. 504

et ghatl be recharacterized after

tion specitied for the parameters isled in Appendix 1 Tables 2A
and 28, angd are not eategory | industrial byproducts are category
2 industnad byproducts. 1 1he totat elemetat analygis wiat
polyarematic hydrocarbons exceed 100 mg/ke, department con-
cusrence i necessary prior 1o classificstion as a category 2 indus-
trish byprodact. Unless authorized by the department the total cle-
mentdl anatysis for indusiriat byproducts not lsted in Table 213
shall aiso include aluminugm, astimony, barium, boron, cadmium,
hexavalent chromium, coball, copper, lead, mereary, molybde-
numm, nickel, phenol, selenium, silver, strontium, thallium, vana-
divan ancd zinc.

(3) CarTrGokY 3 INDUSTRIAL BYPRODUCTS, Tadustrial byprod-
uets that have been determined to contain jess than the concentra
tion specified for e parameters Tsted in Appendis 1, Table ZA,
and are not category | or 2 industrial byproducts are culegory 3
indostrisd byproducts,

{4) CATEGORY 4 INDUSTRIAL BYPRODUCTS. Industrial byprod-
ucts that have been determined 10 contain less than the congenira-
o spesified Por the parameters e in Appondix 1 Table 3, and
are nol category 1o 3 industrial byproducts are ¢ )[t‘:g(}!yﬂl mdu‘.v
toial byproducts.

(B) CATHGORY 5 INDUSTRIAL BYPRODUCTS, Industrial byprod-
uets thit have boen determined not (o be a hazardous waste as de-
fined 11y 5. NR 600.07 (98) and are not category 1 1o 4 industrial
hyproducts ure category 5 Industeial byproducts.

{6} CRITERIA ANE PROUESS FOR USING CATEGORY STANDARDS.

(o) 10w mosdanad fon @ pavametee Hsied in Appuzdm { is aborve the
limit of detection and te fmi of guantitation, the standard shall
be considered to be exceeded i the pavameter 1s reported at o7
above the standard.

¢y I a standard for a puraneter Hsted in Appendix s buiwesn
the fimit of detection and the Hmit of guantitation, inclusive, the
standlard shall be considerced to be exeeaded If the parameter is re-
ported #l o above the temit of quantitstion,

¢y The following apphics wlicn g stasdiasd for o parametor
Hated in Appendix [ is below the fowest achievable Himit of detecr
tiom:

1. If o parameter is not deteeted i a sample, the standard will
he considered (o have been mel,

2. I a parsmeter s reported at or above the limit of detection
put below the limit of guantitation, a conlirmetion anaiysis shall
be conducdted, The standard shall be considered 1o be exceeded i
the presence of dud patanmets s oo coubinned Ly the ase of
an approprigle anatytical method.

3, If o parameser is reporied at or above Hye limii of guantita.
tion, the standard shafl be considered to be exceeded,

{7} Casuspionac. The department may review ghe character-
fration resubts for an indusirial byproduct in responses [0 8 request
from the genesator of the induserial byproduct and assign a catego-
vy of categories for that meaterial, or conditionatty approve s bene-
Tieiat use that does no meet the beneticial uses or standagds speci-
fiesd i (s chapler, on & case specific basis, The department may

reguire addittonal information prior to a case specific approval,
Any esemption or approval granted under this subsection shall be

in accordance with the applicable requirements of s, 289,43 (4),
{7y and (&), Stats.
Nate: ‘Thie deparument may revise this niske to st or rariovs Barsmetens oF rvisy
standaeds if chaspes nch, NR L0, or alber information wanant modificitions.
History: Oy Register, Deeember, 1997, No. 564, off, 7-1-98,

NR538.10 Beneficial uses. The beneficial uses of indus-
irial byproducts under this chapter which may be exempt from
regulation as provided under 5. NR 53842 are:

(1) Raw materiats for manufaeturing of a produet in which the
measurable feaching, emissions or decomposition characteristics
of the indostyial byproduct are substantiaily eliminsted. Products
that would meet these criteria fnclude cemen, lightweight agare-
jate, structural or omamentad Concrete or ceramic materialy, pori-
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fand cemend concrete pavement, asphaltic concrete paverne,
rsofing materiaks, plastics, peint, fherglass. mineral wool, wall-
bowrd, plaster and othier products as approved by the department.

{2) Agents for physical or chemical stabilization, solidifica-
fion ot other treatmend of sokic waste that is (o be disposed of at
a tined landfil having a leachate collection system. or utifized in
somme other final wse approved by the department.

{3) Supptemental fucs that provide energy through contralied
buring.

{4) Draily cover or intemal strpctuees ot Jined fundfills baving
a feachate collection system. The industrial by products used for
this purpose may not eontain free liguids, The industrial byprod-
wets used as landiill daily cover may contsin not more than 15%
of il and clay sized materials (1F200 content), and may not be
placed in layers greater than 6 inches thick. In addition the indas-
trial byproducts used as land{il daily cover shall be able to control
disease veotors, fires, odors, blowing hitter and scavenging wilh-
it presensing s threst 1o human health or the EfViromnent.

{8) Confined geotechnical fil] muterial in accordance with the
project criteria and uses specified in this subsection. 1f more thun
5,000 cubic yards are 10 be used in an individual project, prior
written notification in sceordance with 5. NR 538,14 (4} and con-
currence by the department gre needed. H the departaent does tot
respond (o the notification within 10 business days. conmence
is considurad 1o be granted. Indostrial byproducts shall be used
in accordance with best management practices. The criteria and
uses under this subsection are as Follows:

() Rase course, subbase or subgrade fill for the construction
of commercial, industrial or non.residential institutional build-
ings. ‘The industrial byproducts shall be placed underneath the
cancrete floor stabs and within the frost wabls for these buildings.
This use of industrial byproducts in the constriction of residential
banildings is specifically prohibited,

(WY Base course, sublase or sulzrade Jill for the constraction
of @ purtland cement comorete or asphaltic congreie paved Lo,
The placement of the indusiriai byproduct may not extend more
than 4 feet beyond the paved srea, Any area where industela try-
products are not diveetly beneath the pavement structure shall be
stoped t prevent ponding of water, covered with Lopsoil und seed-
edd as soon alter placement as is practical. The use of industeial by-
products as paved ol suivbase till is prohibited in residential arcus.

(¢} Buse conrse, subbase or subgrade fill for the construction
af a paved federal, stete ar municipal roadwey. Industrist byprod-
uets placed as part of construction of the paved federal, state or
municipat roadway may sokexiend beyond the subgrade shoulder
potnt. Any ares where industrial byproduets are sor directly be-
meath the pavement structure shall be sloped w prevent ponding
of water, covered with base course or native soif including topsodl
aid seeded as soon as practical aller placement of the industrial
byproduct.  The s of industrial byproducts as paved roadway
subbase or base il is prohibited in residential areas, unloss used
in a roadway deslgied with a raral type cross—section.

(h)  nidiey rrench buekfill The industrial byproducts placed
as part of back it of s trench constracted for the placement of sani-
tary or storm sewer, non-potable water line, gis main, ielecom-
munications, electrical or other utility Hoes shall Be beneath 3
paved rowdway, parking tot or other porthand cement concrele o
asphaltic concrete paved structure. The industrial byproducts
iy not extend more than 6 feet beyond (he pavement structure.
Any area where industrisd byproducts are not directly beneath the
pavernent structure shald be sloped w prevent ponding of warer,
opsoiled and seeded as soon as practical atter placement of the -
dustrial byproduct.

(e} Rridpe abunnent backfill, Industtial byproducts placed as
part of bridge abutment backfill shall be covered by a roudway
structure. Any sres where industrial byproducts are not directly
bepeath the pavement surface shall be stoped Lo peevent ponding
of witer, covered with bise course o topsoiled and seeded as soon
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ws practical after placement of the industrial bypradict. The use
of industiial byprocuets as bridge abiatment trench backfillis pro-
hibited in residential areas, unless used ina roadway dusigned
with  rural type cross—section.

(1Y Abandonment of tanks, vaults or vomely that will provide
torcd encapsudation af the industrial byproduce, This use does not
inglude the placement of an industrial byproduct in s locagion
where envirommertal pollution has been identified.

() Slabjacking material. Industria} byproducts used as u com-
poent in a sizhjacking material in combination with nortland ce-
meni, lime or bentonile shall be placed beneath poriland cement
conciete paved stractures 1o raise ateas that hsve senled. The
slabfucking material shail be placed directly from an enclosed
trunsport vehicle, Prof using more than 2 cubic yard of indus-
trial byproduct as a sinbjacking material is prohibited in residen-
fial areas.

(6) Fully encapsulated transportation facibily embankments
constructed under the suthority of the Wisconsin department of
transportation, or & municipality, that meet the criteriain this sith-
section, Exampies include linear rosdway sound and sight barrier
herm embunkmenis, airport embankments and roadway bridge

.
overpass embankments, For projects using more than 0000 cu-
bie yards of industrind byproducts, or with a maximum thickness

of incustrial hyproduct greater than 20 fect, department concur-
rence shall be obtained prior to initiating the project. These em-
banksmems shall be constructed., documented and monjtored as
Totlows:

() The cmbanimeni shall be montored in accordance with s,
NI 538.20(2).

(b} “The embankment shali be covered on the top and sidewalls
by 2 feet of recompacted clay, and underlain by & 3-fool thick we
compacted clay liner. The recompacted cluy base, sidewatls and
top cover shatt meet the following specifications:

1. A minimuen thickness of 3 feet under the endize base and
2 et on the sidewalls and top compacted (o @ mintmum of Y53%
standard dry procior density aea moisture content wet of eptimum,
based o the characieristics of the appropriate proctor carve for
the clay being phaced.

2. A classification of CL. or CH under the unified soil classifi-
cation system.

3. A permeability of 1 x 107 emfsec oF less, when contpacted
10 95% stanckard maximum dry procior density or grester

4, An average liguid Hit of 25% or greater wilh ne valies
than 209, when tested in accordance with ASTM-
Bs.

5. Anaverage plasticity index of 12% or greater with no val-
wes less than 1096, when tested in accordance with ASTM-

6. A minimum of S0% by weight that passes the 200 sieve.
Node: ASTM-DAF1E05 iz the American wocicty foe testing ansd aterials “Test
Miesthosdt for Eacuid Lienin, Plastic Limit and Phastieity Sndex for Soitc” Copias of this
tst procecurs cn be obtained from the Amecican sociery for wsting and mate 1l
(ASTMY, 1916 streer,  Phifadelphia, Pentisylvanis, 191031 187, k3
0S40, Copies st aietiods are lso avaitibie for inspretion al g offices
of the department, the secretary of state @ i tevisor of sttt
(€Y Any portion of the clay 1op cover ot sidewatls of the em-
bankment not coversd by the pavement stencture, which includes
hase course and pavement, shall be coverad by one foot of cover
sodf that includes a miniman of 4 inches of (Opsoik.
{dy Documentation testing for the reeompacted clay base, side-
wills and top cover shall be ag follows:

1. Field depsity and motsture content testing shall be pes-
formed on a uniform grid pattern for each Jift of elay placed with
the grid pattern offsel on each subseguent WL A L may oot ex-
coerd 8 inches in thickness following compaction. One density test
shiall be performed tor each 40,000 1% of surfuce area for every 8
ek iR of clay placed on the base and top cover, One dengily test
shall be performed for sach 60,000 7 of surtace area for every 8
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inch 1if! of clay ptaced onthe sideslopes offset on each subseguent
fift.

2. A disturbed soif sample shall be ebtained for one of every
3 field test focations in subd. 1. and analyzed in a laboratory for
atterberg ity and gedin size (o the 2 micron parbcie A an-
disturbed soil sumple shafl be obtained for one of every 9 fiehd west
tocations in subd. 1. and analyzed for laboratory permeabitity.

30 A standard procior curve, ASTM-DOGE-91, shall be de-
veloped for distinet sonl source and 1ype in order that density
testing can be correlatied W the appropriate soil type.

4, Monnoring devices inclucking headwells, and assoctated
borchoke construction shailt be documented using the approprisie
department  forms: momitering well  construction  fonm
HA400-T13A (reve 4-90), soit boring fog information form
$4400=1 22 {yev. 7--81 ) and well information form #44C0-84 {rev.

Mc‘lhm

H m.lui-sl ool Sonl Uﬁinﬂ Stamilarc] Bt
Copies of this | ot

i I)L‘ metm 4 fi N fm' e

ard mater ARTMY, 1916 eace steot, Phikudatphi

(252 K. Lnpies of these west methods are steo pvpilnbbe fori ingpetion il (Iw

offices of the department, e secrelwy of state and the revisor of slisutes
MNote: Copies of these Torms may be obtaoed from the departmwnt of natueal re.

sionroes, bureia of waste waisgemmt 1 soath webster st [T A e H U

building. p.o. bax 7921, Madison, Wisconsiez SY00-7921

(&) Within 90 business duys of completion of the construction
project, o site construction report shall be prepared and 3 copies
senl o the department. Two of these reports shall be
the burao of waste management wod o shall bBe sabeoaizod
departments field office responsible for the aren in which the em-
buniment & located. The repart shail inciude st of the following:

A plot plant showing finat grades actually achieved in the
el aod the tecation of il sotl tests, drainape ditehes, surface
witer deminage control  structus manitoring wells, control
points and any other pertinent features.

2. Documentation of the depth of the final cover material wti-
haing a 200 foot grid pattern. Al borings shall be repinced with
seeepdable material and compacted to proper density. Hand auger
or survey data may be used for this documeatation.

3. Documentation of the typre and gaantity of fertibezer, mudch

seed used on the gide slopes
#. Documentation of the quantity and souree of the industrial
byprodact ssed i the embankment i

3. The fingl perpendicolar cross-—-sections of the compleied
cinbankment. These szoctioms shull indicate the extent of the
industrial byproduct placement.

6. Typical detailed drawings of any special design features.

7. Anappendix contidming w the mw duta from the soif test
ing program.

B A descnption of the institutional controls that will be o
place to cnsure that the stiictural integrity of the embankment wili
he matatained. and that any future disturbances of dwe cmbank-

[ chesign features will be repaired.
al cover and topsoit shall be smoothly graded 16 en-
s positive surface ranofl and seeded, fertilized and mulched
tor establish a thick vegetative growth, Routine mwintenance of the
embankment stopes shall be performed o insure the inteprity of
the final soil cover

(g) A perimeter berm shatl be constructed within the: limils of
the prepared clay buse to conlginany surfsce water ronoff from the
industrial byproduct. The berm shail be maintained throughout
the period of industrial byproduct placement.

(b} Mueasures shadt be taken (o Bmi blowing and tracking of
the inglustrial byproduct during transportation to the construction
site anud pracemment in the ecmbankment. Measures include keeping
the industrial byproduct moist, and compacting it as 5000 a5 {8 s
ceposited i the Gl area.

() The department’s ficid office responsible for the area in
which the embankment {5 located shall be contacted a1 keast one

)rm:f.’.dur

and
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week prior o initiafing consteaction of the clay hiner so that ar-
rapgements can be made for inspecting the site.

{7) Clay capped and sidewaibedt transportation facility em-
bankments constructed under the authority of the Wisconsin de-
partment of transportation, or 8 municipality, that meet the criteria
tn this subsection. Examples include linear roadway sound and
sight barrier berm embankments, airport erpbankments and road-
wity bridge or overpass cmbankments, For projects using maore
than 100,000 cubic vards of industrial byprodiscts, or with a maxi-
mum thickness of industrial byproduct greater than 20 feet, de-
partment coacurrence shall be obtained prior to initiating the proj-
cel. The comstruction, documentation and monitoring of these
ambankments shatl be as deseribed under sub. (6) () 2. 1o (i) and
us {ollows:

(a) The embankment shall be monitored in accordance with .
NR 538,20 (3).

(b The embankment shall be covered on the top and sidewalls
hy 2 feet of recompaeted clay, The sidewalls and (op cover shali
b 4 mindmum of 2 feet thick. No tiner Is required.

(8) Unconfined geotechnicat 1) material used as past of the
coastruction of a butlding, parking aren, utitity trench or other
strnctural improvemeant, where the industrial byproduct is not
steucturadly conbined and meets the criteria in thas subsection, 1
e than 2060 cabie yards of industrial bypeoducts are (o be bone-
fretally used inan mdividual project, prior wrillen nolificidion i
accordance with 5. NI 53814 (4) and concurrence by the depart.-
mient are peeded. 10 the individoad project uses Jess than SO0 cudie
yards of industrial byproduct and the department does not respond
to the notification within 10 business days, CoOncureencs is consicd-
cred 10 be grants], Any area where industrial byproducts are
heneficially used as unconfined geoiechnical fill shall be sloped
Lo presvert ponehing of water, covered with at teast 2 [eet of nalive
soils incheding topsoil within 15 business days of placement and
S v after topseil placement as 15 practical, The benefi-
cial use of industrial byproducts us an unconfined g ;,cmt chnical fill
is prohibited in residential areas.

(9) Unbonded surface course material used in accordance
witl: the criteria of this subsection. 'This inchides the use of indus-
triad byproducts as a susface course materipl in unpaved drive-
ways, parking sreas and recreation or exercise trudls,  Industnal
byproducts used as surface course shall conform to the regquire-
mends of & 3042, Wisconsin department of (rangpaortation stan-
dard specitications for road and bridge construction, and may be
placed ata thickness of 3 inches or fess and o areas separated by
at feast # 25 fool vegetated buffer to g pavigable surface waier,
The use of indostria byproducts ss anbonded surface course is
profibiled i residential areas. I0maore than FLOGKO cubic yards of
industrial byproducts are to be used in an individual surface
course apphicalion, prior wrillen notification m secordance wilh
5. NI 538,14 (4) and concurrence by the department are needed.
I the department does oot respond 1 the notificaton within 1
husiness days, concurrence i considered to be granged.

(10) Bonded surfuce course maerial used in accordance with
the criteria of this subseotion, This use includes placement of in-
dhastrial byproducts as g bonded surface course matertal such as
seal codts in roads, driveways, parking areas and recreationat or
exercise trals. Industrial byproducts used as @ bonded surface
course shadl confoem ko the regquiremnents of s 401, Wisconsin do-
partment of transportation standard specifications for read and
bridge construction, and may not exceed 30 pounds per sgaare
yard placed over an asphaltic mastic. Within 4% hours of applica-
ton of the indosteial byproduct, the surface shall be robled 1o thor-
otghly embed these materials into the asphaltic mastic. If more
than O, cubic vards of indusirial byproducts are (o be used in
an individuat bonded surfuce course application, prior written no-
thcation maccordance with 5. NE 338,14 {4) and concerrence by
the depariment are needed. i the department does not respond
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the notification within [0 business days, concurrence is consid-
ered 1o he pranted.

(1) Decorstive stone with particle size grealer San or equal
e 34 inches, and with less than 5% silt and clay sized particles,
including those adhering to the barger particles. Industrial byprod-
uets used as decorative stone shall conform to the wear and sound-
ness Teguirernents for crushed agprogute b ourse in g, 304.2.3
and 304,24, Wisconsin department of transpariation standard
specifications for rowd and bridge construction.

{12} Cold weather rord abrasive on roadways with & paral
CIirss tion, including areas with incidental sections of curb and
putter, The winter road sbrasives using industrial byproducts,
wholly o a5 part of 3 mixture of abrasives, shall meet Wisconsin
department of transportation pradation recommendalions, Al
particles shatl be smalier than 1/4 ineh, and the material shall con-
tain no more than 3% s or clay size particles. The applicetion
rute of industrial byproducts used as @ winter road abrasive may
nol exceed 0.4 tons per lane mile per application, These materials
iy e mixed wibh sand oF other abrasives 0 aohisve s appica-
tion rate or (he Wisconsin department of trangportation gradation
recommendations contained in the state highway maintenance
manual, policy 32.30, effective date January 1, 1991,

Noter €Copies of Wiscousin deparunent of ransportation spcifications for rosd
e cotswuction, and site highway maimtence wanual. policy 3230 can be
abtaingd from the doparinesst of natural rescurees, buscin of wase magagenient, 11
soutl webster 52 tesoutrces huilding, o box Y921, Madison. Wisconsin
ST TS5 avaifable for inspestion it the offives of the tevisor of
slatntes aned the secrelar

Mate: Linder s, W) 1.?(47 ‘w:n higthway and bridge projects allecting the witens
of the stide tha are carrieed oul Nty he diteetion snd sggervisivn of e deparnen
uf i_r.',m:-;l_mrl;,ui(‘n'j anipl Tecamiy che Pt gerrmit or appro val reaquarenieizns if e
complished in acpardance with tscdeparemental fason proceduses asablistied by
thi cepartment of natgmad resonsees ad the department of fransy i,

History: Cr. Register, Beceniber, 1997, No. 504, off, 1- ]‘--93

NE 538,12 Beneficiat uses for specific categories of
industrial byproducts. (1) Persons who beneficully use
catepory s 5 indusirial byproducts insccondancs with this seo-
tion are exempt from licensing sunder 5. 289,31, Stats., wnd the reg-
wiatory requirements under cha. NR 300 to 536,

(2} CGeNBRAL CRITERIS FOR Usps. (2) Al uses shall comply
with the performance stundards under s. MR 338.04 and the appli-
cable criteria in this section,

{b) Materials that are moz category | industrial pyproducts and
that are ulilized for any of the vses under s, NR 53810 (3} to (12)
Ay not he placed below the waler ke, in permdnent seding
water or arcas that nead to be dewatered prior 0 placement,

() All uses shadb mest all applicable structursd ind physicat
specification and generaily accepted engineering practices for (he
TETS

() Industrial byproducts incorporated into controlled low
strengh materiais shali be used in accordance with ACHZ29R-94.

{ey Al beneficial use projects shali be conducted in g manner
Lo minirnize windblown dust, odor, tracking wd spillage of the in-
dustrial byproduct and not (0 cause nuisance conditions or envi-
rostmental pollution as defined under s 289.01 (8). Stats,

Mute: ACT 220K-%4 is the smerican conerote instinae seport Y Controlled Low
Segngth Marceials,” Coples of Wis report can e obtained oo the Aomerican con-
el gt ox (3150, Tietrait, Michigan AR -0150. Copies of this report
s atlsar svvard bable: for spection a1 the offi  thre et uf Batural resources.
burezin Gl wiste: TIEAGCNRAL 100 sauth webster steeel, matural reseucees building.
b Copivy argvatlable fos inspection
a1t ther ntfices statuies o e secrotary of slale.

{3) Ususy OHY | IKDUSTRIAL DY PRODUCTS
b industrial byproducts may be utili?ui for any beneficiat us -
seribed under 5. NR 538,10 (1) to (12}, or other benelicial uses
which conform with the exposare assumptions lsted in 5. NR
720,19 (53 () 1. & and 2. 4 Category 1 industial hyproducts arc
exempl from the rotification reguirements under s NK 338,14
{4), the envirommental monitoring reguirements under 5. NR
33820 and the properly owner aotification requirements under s,
MR 538.22.
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(A) Uspy poR CATEGENY 2 INDUSTRIAL BYPRODUCTS, Catepory
2 industrial byproducts may be used for any of the benclicial uses
described under 5. NH 5381001 to {12)
(5} UJSEE FOR CATHEGORY 3 NDUSTRIAL BYFRODUCTS. Calegory
3 incustrial byproducts may be used for any of the beneficial uses
described under s NR 53810 {1) to (8),
(6) Lisis FOR CATEGORY 4 INDUSTRIAL BYFRODUCTS. Category
4 indusirial bypreducts may be used for any of the beneficial wses
described under 5. NR 338 10 (1) 1o {(6).
{7) Uisis pOl CATEGORY 5 INDLISTRIAL BYPRONIICES Category
3 inclustrial byprogucts may be used for any of the beneficial nses
deseribed under s, NR 53800 (1) to {4).
Higtory: Cr Reglster, December, 1997, No, 504, off. {-1-98,

NR 538,14 FReporting. (1) INITIAL CERVIFICATION. Prior
to beneficial use of industrial by products under this chapter, ar the
establishment of a storage facility as required under s. NR 338,16
(1Y (o) ench generator, storage facility operator, or their designes
shall submil an initial certification form to the department that
contains the information Hsted below. Aninitial cortificaton form
shall be submitted prior (o bepeficial use in accordance with this
chapter for any industrial byproducts nol previcusty classified, for
any industriad byproduct for which the classification has changed
or Tor the establishment of # storage facility for industrial byprod-
ucts. The indtial certification form shadt include the following in-
formation:

{a) Name and addeess of gencrator or storage Facility operator.

(Y Name, sddress and telephone number of designated gener-
ator or storage faciiity eperitor contact.

fe) A pion of each indusirial hyproduct intended for
heneficial use or storage that clearly identifies the process that
generated it and an estimate of the volume that could be made
available for beneficial use on an annual basis,

{d) The classificution of each industrial byproduct o be henefi-
cialy used or stored for benelicial use in sccordance with 5. NR
S3808. Documentation, including test reslts supporting the
classification, shall be included. Storage facilities may provide
the mane and address of the generators of the industeial byprod-
ucis to be stored a5 an alternative 1o this documentation,

(e) Authorization for Wisconsin department of natural re-
sourees staff to conduct Inspections of the facifities generating in-
chagtrin] hyprordocty heing e ficindly osed arder this chapier or
storage fuctlities Tor these industrial byproducts, and cotlect sam-
ples to verify complianes with this chapter.

() Certification by cach yenerator, storage factlity operalor o
their designee, thas the information on the form s true and aceo.
rate, and that the performance standards of 5. NR 538.04 will e
med.

MNote: Copies of this form may be oblained frony the deparutent of natural e
sources, buresy of waste mansgement, 101 south webstar SIECel, Btk resourees
building, poo. box 7921 Madison. Wisconsin 33707 F21

{2) AnpuAL CERTIFICAFION. Bach generator of industrial by-
products that have been beneficially used under this chapter, oper-
ator of & storage Facility for industrial byproducts us regquived un-
der 5. NER 33810 {13 (0), or {hair shesignes, shall submit an annwal
certification, on g form supplied by the department, that docu-
ments the smount of material benefictaily used in each category
in the previous catendar year and gonfirms the proper clussifica-
tion of cach industeial byproduct, The cenification form shall be
subritted po later than April T of the year following the reporting
period, The anoual certification form shadt include the following
tformation:

{4} Masie snd address

of penerator of storage tacility operator,
By MName, address and tefephone number of e designated
gencrator oF storage Facthily operator coatact,
(¢t A description of cach indostrial byproduct intended for
beneliciad use or stovage that clearly identifies the process that

Kegiser, Decomber 19497, No, 504
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generated it and an estimate of the volume that contd be made
available for beneficial use oo ap annoal bagis,

() The velume of cach industrial byproduct that was benefi-
cindy used, or the change in the volume stored, during the report-
ing period, dentified by category.

(e} The classification of cach industrial byproduct 1 accor-
dunce with 5. NR 53808, Documentation of any recharacteriza-
tion test results reguired under s, NR 338.00 (4) shalt be Included.
Storage {ucilities may provide the name and address of the genera-
tors of ther industriad byproducts 10 be stored as an slternative this
documentation.

() A surmary of any prablems or obstacles encountered in the
heneficial use of the industrial byproducts and the actions taken
i response to these concems.

(#) A summary of the performance, problems and maisie-
nunce associated with any storage factlities in accordance with s,
MIZ 538,16 (1) (o)

(h)y The environsmeatal monitoring data callected Yor banefeial
use projects in accordance with s, NE 538,20,

(i) Centification by the generator, storage facifity operater or
their designes, that the information on the form is true and accu-
rate, and that 1he performance standards of 5. NR 338.04 have
ey met.

Mote: Cogpies of Wtis form may be obtained from the departiaent of satural re
senproes, buresn of waske mosagemeat. 61 south webster street. aataral resessroes
i, pon box TUZE Madison. Wiscongio 33077921,

(3) Exemprnon. Subsection (2) docs not apply 1f the vnlmm‘
of the generalat’s industrial byproducts beneficially used, or
stowed for futere wie, during the reporting period was Jess than
TOEH) cubie vards,

(4) Nomaearon. Bach industrial byproduct generstor or 3
purson designated by the gencrator, such as o broker, shall subrmit
written notification to the department prior to initiating a project,
where required in 5. NR 53810059, (8). (%) or {0). The following
infermation shall be Inciuded in e notneation,

(a} The name, address and phone mumber of the contact for ihe
et

(h) The focation of the project and a site deseription.

(¢} The approximate volume of industrial byproduct antici-
pated to be used in the project.

() Fhe untioipalod start and end dates for the project.

(e) Wlentification of the indusinial byproduct or byprodudis o
bee used and the category of these materizls,

(5) RigcowrnssipiNG, The generator of an industeial byproduct
or their designes, shall maintain records of wh‘ el industrial
byproduct has besn utilized wnd ; s Gr nore of
the heneticial uscs described unde W H)(ﬁ 110 (8), These
records shall be mamntained sndd be acoessibie Lo depurtment slalf
spon secuest, for 3 years after the use of the industrial byproduct,

Mistory: Or Hepistor, Ducembios, 10937, Mo, S04, o, E--1-98.

MR 53816 Slorage and transporiation require-
ments, {1) STORAGE. Storage of industrial byproducts for bene-
ticial use shafl meet the performance standards listed in 5. NR
F38.04. 7 torage Tacilities shall also meet the eriteria in this
sithgection anless exempl under pag. (1),

() The foilowing industrial byproduct storage frcilities are
axempt from the requirements of this subzection:

1. Facifities for the storage of industral byproduct within en-
closed structures such as buildings, sthos or green boxes,

2. Facilities for the storage of industrial byproducts within &
linech are g Nicensed engineered landfil that {5 owned or oper-
ated by the user, generater of the byproduct or 8 person designated
by the generalor, such as a broker.

3. Pactlities for the storage of only cidegory | industrial by-
procuces.

Kegister, December, 997, No, 504

4. Fagilities for dhe storage of category 2 or 3 mdustaial by-
products that are used for industeial byproduct storage for less
thar 2 years.

A, Facibuies for which the departmend 15sues an exemption on
i case specitic basis.

{b) Storape of industrizl byproducts not exempt ander par. (4)
shall meet 2 of the following destge and operateenal criteria:

b, The storage area shall incorporate a lined low-permeabit-
ity, asphalt, conerete, of clay pad and be surrounded by curbs or
bermy (o contrel sucface water van on and ran OfF, B o aiay pad
Is used, it shadl include protective material over the clay.

:Zl. Mt:m:"\ falmi! hu p;‘(wick-ci for collecting, containing and

acted 1o come (n contact with
l‘hu :'Loxu.i nmlc_ rml asa 1L‘.~i.|ll of the 25-year, 24-hour storm ovent.
Waler contaet with the storecd material shall be minimized, such ag
by covering with a tarp, where practical.

30 A setback shall be inaintained between the stored materials
andt the gdpe of the pad to prevent spiliage 0f materials off the pad
and allow for vebicle movement completely around stored msten-
ik

{c) The operators of storage freilities not exempt under par. (9)
shall provide the departrent an indtial and annual certification in
accordance with 5. NR 538,14, include a summary of storage Fa-
cifity perlormancs, problers and maintenance i the anmtat corti-
fication under 5. NR 53814 (2) (p).

(h Closure of ap industrial byproduct storage facility shall in-
clude provisions to remove all visible residues from the storage
agen.

Mote; 1T dim:h:u‘um of siormrwater i n-:;‘g,nlmwi uniler el Ni 216,

{2) TranspORTATION, Vehicles used w ransporl industrial by-
producis intended for beneficial use shall meet both of the follow-
ing criteria

(s;l) Vesbrie g o cordainers ased to tranaport inrlnerrind hypmli..
ucts shall be durable und leak-proof.  Vehicles and contuiners
shuth be repaired on an as neaded basis o prevent anisance condi-
tiong from occurring,

(k) Vehicies or comtamners wsed f transport industrial byprod-
dets shall be foaded and huuled in such @ manner that the contents
ch pot L, spil] orleak, Covers shatl be provided 1o prevent litter-
ing and spillage as nec v, Any spitled industrial byproducls
shall be proper]y recovered,

Maler Srorage sod wassporation of industial byprodact in secordance witl: this
csernpt o e storpe and tnsporbalion reguirements of ch NR 300 as
specified G ose, NROSEL05 033 i) and 502,06 (23 (kY.

Higary: U Register, December, ¥, No. 504, off, 1198,

NAR 538.18 Public participation. (1) NO7iFoaron.
Except as provided imsuby, (23, e person may initiate g heneficial
use project where the volume of the industriat byproduct to be
sed iy greater than 30,000 cubte yurds, ot construct oF operale 3
storaye Tacifity with 2 desipn capacity greater than 30,000 cubic
yards, prior to the person giving notice 1o the affected public and
providing for adeguate pubiic participation, Unless other forms
ol public notificaiion and invelvement are approved by the de-
pastment, the netice and public participation process provided by
the person imgnding (o initiate a ben Euse project oF storage
facility shall include, at & minimum, the following:

() Placing o public notice in the ool newspaper at least 30
business days prioe to iniliating an industrial hyproduct beneficial
use project or storage faciiity, specilying the noture of the benefi-
ciwl wse project or storage facility, including the type and amoung
of the m:‘lteriz-li to e used or stored, how and where the materia
with b used, the e frame of the profect ov storage: facility opera-
1ion, that the peeson intending o initiate the beneficial use project
or storage Facilily may hold 3 public informational meeting, and
H cOmact parsor For the public 0 feguest & megting.
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(b} Holding a public informuationa meeting, if requested by the
puhlic, #l which details of the project cin be discussed. Depart-
ment staff may parlicipate in the meeting.

(2) Exemerions. (o) The following beneficiad use projects are
exempt from the public participation sequirements under this sec-
HuiH

1. Beneficial use of category [ industrigl byproducts.

2. Wisconsin department of franspontation benefictal wse pro-
jects that were addressed in the department of transpostation’s en-
vipormental revisw process.

3, Heneficial ese projects al facitiies leensed under chs, NI
500w 536,

4. Benefionud vses de

wibed under s, NR 338,30 (1) 1o {4).
(b The following beneficial use storage facilities are axempt
from the public participation requirements under this section:
1. Storage facilitics that are located on the property where the
industrial byproduicts are peneraled
2. Stormge Jeilities tat we Hocosed wider o, NR 502,
3 Storage Ncilities for category 1 industrial byproducts.
History: Cr. Registor, December, 1997, No. 54, off. 1198

NE 53820 Environmental monitoring. (1) Trans.
portation fciiity stibankments deseribed in s, MR 538,30 (6) or
(73 shatl be monitored in accordance with this section untess
otherwise approved by the department. Fhe generator of the in-
dustrial byproduet used in the embankment shall be respongibie
for ensuring that this momdtoring 1% completed. The results of this
environmenal monitoring shall be inglyded in the annual certifi-
cation under 5. NR 538,14 (2) (b)Y The depar t‘rrwnl‘ may require
cavirommental monitering for other be ; st suh-
jeet to this chapter that do not meet the hcrmiﬁim&l uwa desceibed
in 5. NR 538,14,

{2) FuLLy ENCARSULA
mENTS. Bovironmental monitoring Im‘vmlmnklm‘nu llml are iully
encapsitated under s, NI 338, E0 (0} shall be conducted ay fod-
Tows:

() One headwell shall be instatled 11 less than 50,000 cubic
yards of industrial by products are used in the embankment. A see-
ond headwel] shall be instatled if 50,000 cubic yards or more of
industrial bypraducts are used in the cmbankment.

(B The head elevation in each headwell shall be sonitored
twice cach year at feast 4 moaths apart. 1f the head Jevel on the
Hner exceeds 2 fect, the department shail be sotfied, s nodfi-
cation shatl include an evatuation of the reason for the head level
buikd wp and s proposed response w redhece the head tevel on the
liner.

{3) CAPPED TRANSPORTATION FACILITY EMBANKMENT. The at-
vironmental menitoring for smbankments that are capped sid nog
lined under 5. NR 338 10 (7)), shall be conducted as follows:
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(ny One basin lysimeter shatl be instalied with a colbection area
of 100 square Teel. The Tysimeter shall be placed direet]ly below
the tndustrial byproduct, and shall be focated so that i will be be-
neath the thickes: placement of the industrial byproduct.

() The volume of fluid collected in o basin lysimeter shall be
monitored and recorded twice each year at least 4 months apari.
1¢ the volume of liquid collected in o basin fysimeter exceeds 375
gallons in one year the department shall be notified. This notifice-
tion shall include an evaluation as 0 the reason for the volume of
ligquid being collected, an analysis of the bguid collected for all the
purameters fsted Appendit &, Bable ZA and a proposed response
tor reduce the volume of lauid exfllteating through the indusinal
hyproduct.

History: Cr, Register, December, 1997, No, 504, off, 1-1-98,

N# 538.22 Property owner notification, (1) Wiitien
notice shatl be provided wo the owners of property on which indus-
triat byproducts are utifized snder this chapter for one or more of
the heneficial us ribed under s, NR S38.10 (5 o (B Caee-
gory | ingusgrial byproducts are exempt from the requirements of
this seetion. The gencrator of the industrial hyproduct, or g person
designated by the generator, shatl provide the notice in accordance
with this section, unless the department approves an allernalive
netice procedure. This notice shadl be on @ form provided by the
department of in a format approved by the depaniment. ARy prop-
ety owner receiving this notice shall retain this information and
provide this information o the next purchaser of the property.

MNate: { ‘(')pl("!? ot thits form may tie ohtaimed from the (M'!IX!‘[IIK:"!I.I OF L re-
sourcey, burdge of waste aanagenent. 103 south wabster stregl, natural eaources
huikling, p.o. buex 7921, Madiaon, Wiscongis 3370779253,

(2} SmaLL. [ BENERICEAL USE PROJECTS. For projects that
utitixe ne moss than 200 cubic yards of industrial byproduets, the
notification shall idemtify ihe category, type, volume of industrial
byproduct and deseribe where these materiais were placed,

{3) Msmune.sx USE PROSECTES. For projects that
wlilize more than 200 e but no more than HL00 cubic
yards of indusirial hyproduess, the notification shal) include the
information required m osub. (1), and & skelch or drawing that
shows the approximate boundaries of the areas where industrial
hyproducts were used,

{4) LARCGE-SEZED BENEFICIAL USE PROCTS. For projects thut
witive more than 10,006 cubic yurds of industrial byproducts, the
notification shall inciude an affiduvit recorded with the register of
deeds, within 60) business days of completing the placement of the
indusirial byproduct, indicating that industrial byprogucts were
used on the properly, and an indication where the information re-
quired in subs. (1 and (2), may he obtained.

MNoter Ungler . 33 37 (4, Sy, higbway and bridge projects affocting e waiees
of the state that sre sonrl o nchur the divsction and supervision of the departirent
af ll.'dnsp()r[dlmu ape exampt from department Privdt ot approval regsremends o

complished i pecorduance with inserdepaaminial liaison procedures estitlished by
the deparmest of pataral resources end he deprrnmient af transportation,

Hepaier, December 1997, No. 344
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APPENDIX |
Table 1A
Catepory | ASTM Water Leach Test

Ferrous
Foundry
Standard Lixcess Ferrous
{ma/l) Purametes System Sand | Foundry Slag Coal Ash Other!

1.5 “Aluminum {AD | X X X X

0.0012 | Antimony {Sb) X X X X

0005 | Arsenic (As) X X X X

................ (.4 Bariwm (Ba) X X A X

£.0004 Bieryllium (Be) X X X X

0.0005 Cadmivm €Cd) X X X X

125 Chloride (CD ‘ X u X

0010 Chromium, Tot. (Cr) X X X X

0,136 Copper (Cu) X X X X

0040 Tolal Cyanide X X X

08 Fuoride (F) X X X

0.13 tron (Fe) X X X X

00015 | Lead (Ph) X X X X

{25 Manganese (Mn) X X X X

00002 | Mercury (He) X X X X

(.03 Motybdenuaem (Mo) x x

(.02 Pickel (N1} X x X X

Nitrite & Nurae

20 (NO+NO3-N) X X

12 Phenal X X

(LO10 Selenium (5¢) X X X X

0.010 Sibver (Ap) X X

125 Sulbfuic X X X X
00004 | Thatlium (T1) X X X X

2.5 Line (£n) X X X X

U A provided under 5. DRS00 (1), the testing program lor materisis otlwr tha forrous foungdry system said, forrous foundey shig imet sonl ash uuse b apgroved by the
deprrtment prior to characteriamtion. For other miteriile 1he deparment miay nodity the sistnf parters iequired b ael yreed Tow and tay escabiish standards on gmsaterial
specific basty for additdonal parmetars.

Mater A testing i o be conduenzd op o represantitive sample of @ siggle industeial hyproduct prLon 1o coniingling with other materials, undess otherwise approves by
the depratrzent,
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Table 1B
Clategory | Totad Elemental Analysis
Stamclarc lf-'mufi;?,{;oﬁi‘:u: Jet Ferrous
{mafkg) Parametar Systedmn Sand Foundry Slag Coal Ash {ther!
6.3 Asntitnony {8h) X X “ X
0.042 Arsanic (Ag) X X X X
1300 Barlum (Ba) X X X
0.014 Beryllum (#e) X X X X
1400 Roron (B) X X
7.8 Cadmraim (Cdd) X X
145 (':?l:;;til‘l'liuri‘l, Hex. (Cn X X X X
S} Lad (1) X X X
47 Mercury (Hg) X X
8 Mc)lyh:ﬁit‘:num (Mo} X X
A0 Nickel (Ni) X X
9400 "~ Phenot X
78 Selenium (5¢) X
9400 Silver (Ap) X
2400 Strontivm (S0 X
1.3 Thallium (1) X X X X
1} Vanadium (V) X X
4100 | Zine {£a) X X
200 Acenaphibene x X X
8.8 Acenaphthylene X X X
5000 Anthracens X X X
(0.085 Benz{®anthracene x X X
00068 Benzo{alpyrene X X x
0.088 Benzo(b)fluoranthene X X X
.88 Benzo(ghbperylene B X X X
0.88 Benzolk Mluoranthene X X X
R Chrysene X X X
0.0088 Dibenz(ah)anthracens X X x
600 Fluoranthene x X X
600 Floorene X X X
(L08R Indeno(1253—d)pyrene X X X
LR 1 -methyl naphthalene X X X
R 2—methyl naphthalene X X X
600 Nupitthalene X X X
(.88 Phenanthrene X X
500 Pyrene X X X

T As provided under 5. NR 53806 (1), the teshing progeatm for mates

the department prior to characleseation. For oter materials the depinent ey modity the lixt of e

w merial specitic basis for additional parameters,
Moangr Al eseing is 10 be conducied on i seprescatazive samppie of o singk: {ndustrial byproduet prior 1o commingling witle ther matesials, unbess otherwise apprived by

the clepartri.
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tepuired w be anabyzed for and may establish standards on

Register, December PO, N, 504
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Table 2A

Category 2 and 3 ASTM Water Leach Test

Srandard Ferrous Foundry (ther
(mg/ty Parameter Exeess System Sand | Ferrons Foundry Slag | Coad Ash !
s Aluminum (AD X X X
0012 Antimony (5h) X X X X
005 | Arsenic (As) X X X X
4.0 Bartum (Ba) X X X X
Q004 Beryllium (Be) X X X ¥
(L0035 Cadmium (Cd) X X X X
1250 Chioride (Cl) X
Chromiygm, Tot
Q.10 {Cry X X x X
.30 Copper (Cu) X
040 | Total Cyamde | X
§.0 Flaoride (1) X X
[ W‘wzirnn (Fe) X X x
0.015 Lead (Ph) X X X X
25 Manganese (Mn) X X X X
.06 Muercury (Hg) X X X X
0.20 Mickel (NI) X
Nitrite & Nitrate
20 (NCI+NO 3N} X
12 Phenol X X
0,10 selenium (Se) X X X X
.10 Silver (Ap) X X
1250 Sulfate X X
(L0 Thallium CT1) X X
25 Zine {4n} X

b As provided umjer ¥, MH A3R00 (1), the wsting program for suedials other than Rerows logndey systen sand, ferrows foundry slag and coal ash must be approved by
the dz:\p;:ﬂjm::nl_a!r;c characterization. For other matarials the departmint ey madify the fst of parameters reguirsd o be unalyzged For aod ey establish standards on
w smarlerinl specific basis for additional pareneters,

Mo A tesiing (s 50 be conducted on o representative sample of o single industial hypeodues prioe to commingling with otlwer manleriids, wnless otherwise spproved by
e departmun,
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Table 2B

Categaory 2 'Total Hemental Analysis

Ferrous
Foundry
Standard Fxicess Systom Ferrous

tmglka) Parameter Sand Fenndry Skig Coul Ash Other!

21 Arsenic (As) X X X X

7 BoryHium (Be) X X X X

Acenaphthene X X X

Acerapithylene X X X

Anthracens X X X

44 Benz{a)anthracene X X X

4.4 Benzo(mpyrene X X X

44 Benzodinfluoranthens x X X

Benzo{ghi)perylene X X ¥

Benzo(k)fluoranthene X X X

Chrysene X X X

4.4 Dibena(abyanthrucenc X X X

Fhuoranthene X x X

Fheorens X X X

44 {ndeno{ 123-<wd)pyrene X X X

E l-methyl naphthatene X X X

2-methyl naphthalene X X X

Naphthaleoe X X X

Phenamthrene X x X

Pyrene X X

OO Total PAHs X X X

T As provided under 5. MR 5380641 the westing program foc reaterisds other than fecrous foendry slag. ferrous foundry slag aind coal ash st be approved by the
departraesdt prior o charcterization. Also, for industrial byprodects not Dsted. department coneuarmen necessary prioe o chassification 2 a cwepory 7 industeia
bypraduct. For other nutersals the depsrtment wy mosdily the: Iist OF parseneters reguired 1 be asabveed (o anc may establish standsrds on a material specific basis for
acklivional pacameters. Foc these awaterials the wal elemesid snalysis shall also inclisde sbuminan. eosimony, barisi. boros, cadrienm. iosavales chvonism. cobalt,
coppey, head, mercary, molyhdenum, pickel, phenol. seleniam, silver, strostivm, taldiem, vanadinm and zine, andess othorwise approved by the departmesnt,
2 H wonad polyarosmce hydeocarbons excewd SO0 my/KE, GRpRSITIEG CONCLTTRRGS 34 i CHUON {8 L cae gy 2 isustrial byprodu,

Maber AL testing (s o e conducted on o representitive sample of i single industial byproguct prior o commingting with other maaterials. unless othenwiss approves by
the deparment,

g
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Table 3

Category 4 ASTM Water Loach Test

Ferows 1|
Standard Foundry 13 Ferrous
{mg/t) Parameter System Sand Foundry Slag Coal Ash © Other!
.03 Antimony (8b) X
3.25 Arsenic (As) H
HE Barium (Ba) X X
.02 Beryvilium {Be) X
025 | Cadmium (Cid) X X X X
250 Chloride (CH X
0.5 Cheomium, Total (Cr) X X
0.3 Copper {Cu) ' X
1 Total Cyanide x
20 Fluoride {17} x
3 ‘Ilim {Fe) . X
0075 Lead (Ph) X X X
0.5 Manganese (Mn) X
(.01 Mercury (Hg) X X
0.5 Nigkel (Ni) X
30 Nitrite & Nitrate X
(:N(;)g-i-N(',)] ----- N)
hit Phenol x
0.25 Belentum (Se) X X
().25 Silver (Ag) X
FEOG Sulfaie X X
0.01 Thallium {ThH X
() Lang (&) X

1 Ax pravidks! ungder s, NE 53800 (1) the sesting program for materials okt thai ferrous Tonadry sysie sand, fecrous foundry slag and coal ash must be approved by
fhe doparztient poor 1 chavacterization, For ather misteriads the department may mosdify the Hist of parammeters neguires] o e analysed for god may establish stascdands on
o matecinl specific husis for sdidiziomal pargretess,

Maoter Al resting is w be condoeted on o reprosesatsti ve sample of o single industriad bypradusct prior o oommingfing with olber materials, wndsss ofderwise approved by
Tl depattinent,
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Table 4

Beneficial Use Methods

NR 538.22

industrial Byproduct Calegory

5 4 3 2 i

{1} Raw Material for Manufacturing a Product X X X X X
{2} Waste Stabilization / Solidification X X X x X
(3) Supplemental Foel Source / Energy Recovery X X p. ! X X
(4) Landfill Daily Cover / Internal Srructures X X x x X
(5) Confined Geotechnical Fill

(a) commercial, industrial or institutional

huilding subbase

(h) paved lot base, subbase & subgrade fill

{c) paved roadway base, subbase & subgrade fill X X X X

{d) utility trench backfill

() bridge abutment backfill

{f) tank, vault or unnel abandonment

{g) slabjacking material
{6} Encapsulated Transportation Facility Embankment X X X X
{7) Capped Transportation Facility Embankment X X X
(R} Unconfined Geotechnical Fill X X X
() Unbonded Surface Course X x
(10) Bonded Surface Course X X
(11) Decorative Stone X X
(123 Cold Weather Road Abrasive X X
Mote: Ceneral besellcial wse in sceordance with 5. MR 338 12(5 x

Mater Helerio s MR 535 10 for desceiption of el heneicial e
History: Cr. Register, Deoembner, 1997, No, 504, off. i-1-98,
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